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Ecosystems have rapidly changed as humans have overtaken natural areas and replaced them 
with urbanisation. As a result of human settlement and habitat destruction, Bird-Window 
Collisions (BWCs) have become the second-most common cause of avian deaths. One of the 
primary reasons birds collide with windows is because they mistake the reflection of 
vegetation in the window for a natural corridor. As they attempt to fly through the corridor, 
they collide with a window. Many drivers of BWCs, such as geospatial, temporal, sex class, 
age class, seasonal, monthly, and decade trends, have not been researched thoroughly, which 
makes finding a solution to this problem difficult. One of the difficulties with determining 
whether species are experiencing BWCs more in one sex than the other is that 60% of birds 
are monomorphic, including the kererū (Hemiphaga novaeseelandiae).  
 
The kererū is endemic to New Zealand and considered a taonga species. This large pigeon 
species is one of two bird species in New Zealand that disperse seeds larger than 12mm large 
seeds and can often be found in urban areas feeding on native and exotic plants. The kererū is 
a monomorphic species, and many methods for sexing this bird have been attempted; 
however, the accuracy of some methods remain unclear. Therefore, this study aimed to 
determine the most reliable field-based way to sex kererū and understand geospatial, 
temporal, sex class, age class, seasonal, monthly, and decade trends amongst kererū BWCs in 
Dunedin. The information gained from this study can increase our ability to manage and 
protect urban kererū throughout New Zealand and improve our knowledge of threats to 
kererū as urbanisation continues to expand.  
 
The Otago Museum, Komiti Taoka Tuku Iho, and the Wildlife Hospital, Dunedin provided 
100 dead kererū for this study. These 100 individuals were sexed by morphometric 
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measurements, post-mortem examination of the gonads, and DNA sexing. An additional five 
live kererū were also measured and DNA sexed, as was one feather sample, which was 
obtained from a kererū after colliding with a residential property. DNA sexing was able to 
identify sex for all 106 samples and was assumed to be the most reliable method of sexing in 
this study. Post-mortem gonadal examination methods could not identify 22% of individuals 
due to the inability to locate gonads and further misidentified 16.7% of the sample that did 
have visible gonads. Morphometric measurements were able to determine sex with 80% 
accuracy by using a discriminant function analysis. These results indicate that DNA sexing is 
the most reliable method for sexing kererū.  
 
This study also evaluated several geospatial, temporal, sex class, age class, seasonal, 
monthly, and decade trends in kererū deaths and injuries in Dunedin using a dataset collected 
since 1968.  Using ArcGISPro and R Studio, current and emerging hot spots for kererū 
BWCs and specific spatial aspects likely to cause more collisions than others were 
determined. This study did not detect temporal, sex, or age class trends amongst kererū 
collisions in Dunedin. However, there was a significant correlation between kererū BWCs 
and areas containing dense residential properties and commercial buildings. Lastly, this study 
discusses methods to mitigate kererū BWCs in current and emerging hot spots.  
 
This thesis has provided an accurate means for sexing kererū and has identified geospatial 
trends within kererū BWCs in an urban environment. With the knowledge that residential and 
commercial areas are significant hot spots for kererū BWCs, wildlife managers can use this 
information to continue monitoring kererū collision trends within New Zealand cities and 
determine how and where to mitigate current and future kererū collisions. DNA sexing 
provides a quick and reliable method to sex kererū and has the potential to be of use if their 
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numbers decline and a conservation program for kererū is created. Data used throughout this 
study should continue to be collected to repeat this study in the future as urbanisation 
continues to expand in New Zealand. Finally, knowledge gained via the continuation of data 
collection and repeating this study in the future could promote more precise results for 
determining geospatial, temporal, sex class, age class, seasonal, monthly, and decade trends 
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1.1 General background 
Humans have rapidly altered natural ecosystems to colonise wilderness, establish small 
towns, and manufacture rapidly growing metropolitan areas (Marzluff, 2001). Along with 
human settlement comes the increase of human-made structures, which significantly affect 
biodiversity (Benfield, 1999). Human-made structures affect biodiversity via habitat loss, 
fragmentation, displacement, and death (Drewitt & Langston, 2008). Behind habitat 
destruction, bird-window collision (BWC) is the second leading anthropogenic (human-
related) cause of avian mortality (Klem, 2008). BWCs are primarily caused by the lack of 
transparency in windows and the tendency of reflective panes to reflect green spaces, causing 
an inability to see through windows and leading birds to think they are flying into a vegetated 
corridor rather than a building (Klem Jr, 1989, 1990; Klem, 2006). However, in some 
instances, transparency of windows will cause BWCs as birds can see vegetation on the other 
side of the window and collide with the window while trying to fly towards the vegetation on 
the other side (Bruce Robertson, pers. comm.) Migrating species, particularly those with 
stopover sites, such as vegetated parks located in cities, are the most likely demographic to 
collide with a human-made structure (Avery et al., 1976; Bonter et al., 2009; Parkins et al., 
2015). Collisions of these sorts occur due to being attracted to natural areas, which are 
surrounded by buildings, for rest and food (Avery et al., 1976; Bonter et al., 2009; Parkins et 
al., 2015). Although daylight causes its own set of challenges for birds, night-time migrants 
tend to be the most susceptible to death when travelling through urban environments (Avery 
et al., 1978; Evans Ogden, 1996; Kerlinger, 2000). Migrant collisions are caused birds being 
attracted towards illuminated buildings, and inevitably colliding with them, or poor weather 
conditions, lowering overall visibility (Avery et al., 1976; Cochran & Graber, 1958; Evans 
Ogden, 1996; Gauthreaux Jr et al., 2006; Kerlinger, 2000; Larkin & Frase, 1988). Roads pose 
additional challenges for birds, as they cause fragmentation between habitats, generate traffic, 
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and cause millions of bird deaths annually due to car collisions (Bishop & Brogan, 2013; 
Erritzoe et al., 2003; Forman & Alexander, 1998). In addition to windows, roads, and cars, 
other threats to avian species include power lines, wind turbines, communication masts, 
fences, and other structures (Bishop & Brogan, 2013; Drewitt & Langston, 2008; Hager, 
2013; Klem, 2006; Klem, 2008; Mumme et al., 2000). Little is known about how mortality 
resulting from collisions with vehicles and windows affects the demography and population 
dynamics at the species level (Cusa et al., 2015; Mumme et al., 2000). Therefore, assessing 
how collisions affect particular species-specific and group-specific characters (e.g., sex, age, 
season, etc.) is crucial for the conservation management of specific species.  
 
1.2 Avian collision deaths in the urban environment  
1.2.1 Impacts of bird-window collisions   
Birds are unable to detect clear or reflective glass or plastic of any colour which ultimately 
results in vast amounts of avian deaths as a result of BWCs annually (Evans Ogden1996; 
Hager et al. 2008; Klem 1989). Often, birds mistake the reflections of trees in windows as 
vegetated corridors or open spaces, causing them to fly straight into the structure (Klem, 
1989; Martin, 2011). Or, the lack of reflection in windows can cause birds to see vegetation 
through windows, causing them to fly into the window as they think they are flying towards 
vegetation, a common phenomenon which was seen at a glass walkway at the University of 
Canterbury (Bruce Robertson, pers. comm.). Gelb (2006) argues that there is a two-step 
process behind daytime collisions: first, birds are attracted to a vegetated site; second, the 
vegetated area is reflected by windows, causing a collision when birds take flight (Gelb, 
2006). Also, after mistaking their reflection as a threat, birds have been observed impacting 
windows in attempts to protect their territory (Klem, 2006). However, high flight speeds or 
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long distances preceding collisions are not necessary to cause death; death can occur after 
taking flight from a perch that is just one metre away from a window (Klem et al. 2004; 
Klem, 2006). Consequently, even the healthiest members of a species are at risk of death by 
window collision (Klem, 2008).  
 
BWCs are a concern when it comes to species conservation as they decimate the bird 
population all over the world by the millions each year and happen most often where bird 
abundance or diversity is highest (Bayne et al., 2012; Klem Jr, 1989; Hager et al., 2008; 
Hager et al., 2013). For example, in Tasmania, 1.5% of the population of 1000 breeding pairs 
of the endangered swift parrot (Lathamus discolor) is killed by window collisions each year 
(Klem, 2006). Globally, it is estimated that between 67% and 89% of BWCs result in death 
(Gelb & Delacretaz, 2009; Klem Jr et al., 2009), and surveys indicate that 25 million birds 
die from window collisions annually in Canada alone (Machtans et al., 2013), while 365-988 
million birds in the United States suffer the same fate each year (Erickson et al., 2005; Loss 
et al., 2014).  
 
Many drivers of window collisions are poorly understood as limited research has examined 
mortality within an urban setting in regards to geospatial variation. Consequently,  BWCs 
cannot be examined with a straightforward comparison between a single cause and a single 
effect (Borden et al., 2010; Cusa et al., 2015; Hager et al., 2013). One challenge within this 
field of study is lack of consistency as many studies use different methods when attempting 
to understand collision drivers (Kuvlesky et al., 2007), and this lack of consistency may yield 
varying results. Also, many studies focus entirely on one building and its specific factors that 
cause bird deaths, rather than focusing on a city or area as a whole (Avery et al., 1976; 
Cochran & Graber, 1958; Gelb & Delacretaz, 2009; Decandido, 2007; Kemper, 1996). 
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Although it is essential to understand what aspects of buildings cause BWCs, it is equally 
important to investigate multiple characteristics of the urban environment and the ways these 
characteristics affect wildlife (e.g., the height of buildings, the closeness of buildings, 
vegetation cover; Hager et al., 2008; Klem Jr et al., 2009). Additionally, most studies of bird 
collisions report on birds as a whole, rather than focusing on one species at a time (Brabant et 
al., 2015; Barton et al., 2017; Loss et al., 2013; Parkins et al., 2015; Santiago-Alarcon & 
Delgado-V, 2017). This approach can be limiting as the likelihood of determining a single 
helpful method to mitigate collisions amongst several species at any one site is unlikely 
(Martin, 2011).  
 
Sex skews may be a concern for the conservation of species that are involved in collisions. 
For example, in a study of common tern (Sterna hirundo) mortality at wind farms, 78% of 
deaths were males and occurred during the incubation and early chick feeding phases 
(Stienen et al., 2008). In any population, a significant loss of females could cause a 
substantial setback in repopulation, as productivity will decrease alongside the reduction of 
females (Jenkins et al., 2011). In order to properly manage species that often suffer from 
BWCs, knowledge of sex-related nesting activities and species-specific population dynamics 
in response to urban landscapes is necessary.   
 
1.2.2 Effects of vehicle collisions on birds  
Roads attract birds for several reasons. Many bird species are attracted to roads to swallow 
grit, which helps digest food and provides a source of minerals (Barrentine, 1980; Finnis, 
1960; Fritz, 1937). Other birds are attracted to roads to scavenge off remains of animals that 
have already died on the road, to feed on insects that may have been drawn to the road by 
heavy rain (i.e., drinking pools), or to keep their feet dry in the case of heavy dew in fields 
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(Finnis, 1960). Roads also act as flight paths for birds. Because they connect fragmented 
pieces of habitat, it is expected that birds will take flight with the intention of using the road 
as a flight path, thereby increasing the risk of impact with a fast-moving vehicle (Cousins, 
2010). Thus, apart from windows, the construction of roads is a significant factor in 
increasing avian collisions over time (Cousins, 2010). 
 
Globally, several hundred million birds die after impacts with vehicles annually (Husby, 
2017). In Canada, 13.8 million birds are killed by cars each year (Bishop & Brogan, 2013), 
80-340 million birds in the United States (Forman & Alexander, 1998; Loss et al., 2014), and 
more than 52 million across Europe (Erritzoe et al., 2003). These estimates, however, do not 
account for nestlings that are left to die as a result of a parent being significantly injured or 
dead after a collision, which would exponentially raise the number of deaths (Finnis, 1960). 
Estimates of birds killed by collisions with vehicles (and BWCs) are also likely 
underestimated as a result of rats, hedgehogs, dogs, and other scavengers taking dead or 
injured birds before they could be noticed by a human (Finnis, 1960 & Klem et al., 2004). In 
extreme cases, where more deaths are occurring than births, a population "sink" may be 
present (Kreuzer & Huntly, 2003).  
 
The ability to accurately detect factors causing avian deaths resulting from vehicle collisions 
becomes increasingly essential to conservation because the number of privately owned 
vehicles increase each year (Husby, 2017). For example, in New Zealand, the number of 
registered vehicles rose from 18,023 registered the year of 1926 to 181,404 registered the 
year of 2013 (NZ Transportation Agency, 2014). It is unclear whether or not the increase in 
cars causes more avian collisions (Husby, 2017). However, continued research investigating 
the response of bird populations with increasing vehicle use over time will provide valuable 
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information for wildlife managers examining the impact of vehicles on avian populations and 
mitigating this issue. 
 
1.3 Kererū ecology and conservation    
The New Zealand wood pigeon or kererū [te reo Māori] (Hemiphaga novaeseelandiae) 
belongs to the family Columbidae (subfamily Treroninae), genus Hemiphaga (Cousins, 2010; 
Heather & Robertson, 2005). Male and female kererū are indistinguishable when observed in 
the wild, and therefore, sexing them in the field can be challenging (Cousins, 2010; Higgins 
& Davies, 1996). Male kererū “advertise” themselves to a single female during the breeding 
season  by performing what is known as a 'display flight' or 'swooping' behaviour.  If this 
display is successful it will result in copulation and the production of a single egg (Cousins, 
2010; Higgins & Davies, 1996; Mander et al., 1998). Kererū breeding is most successful in 
the presence of predator control (Powlesland et al., 2003) and is also related to food 
availability (Clout et al., 1995). As such, breeding is not restricted to any particular spring or 
summer months (Clout et al., 1995; Cousins et al., 2012; Dunn & Morris, 1985; Mander et 
al., 1998; Pierce & Graham, 1995). Although they can lay at all times of the year, most 
kererū pairs breed between September and February (Heather and Robertson, 2000).  
 
In the past, kererū were abundant throughout New Zealand (Cousins, 2010). Flocks of kererū 
consisting of hundreds, even thousands of individuals, were often seen in the early 1900s, 
with a noticeable decline starting in the 1930s (Lyver et al., 2008). As a result of hunting by 
Māori and European settlers, habitat destruction, and introduced predators such as possums 
(Trichosurus vulpecula), rats (Rattus rattus L.), and mustelids, such as stoats (Mustela 
erminea, L.), the kererū population was decimated over time (Clout et al., 1995; Hill, 2003; 
James & Clout 1996). Kererū were initially given full protection under the Animals and 
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Game Protection Act 1921 and are currently protected under the Wildlife Act 1953 (Animals 
and Game Protection Act of 1921; Wildlife Act of 1953). Nationally, the kererū's 
conservation status has changed from being listed as 'declining' (Hitchmough et al., 2007) to 
listed as "not threatened" by the Department of Conservation (Robertson et al., 2017), but this 
differs regionally.   
 
Kererū are one of the most crucial endemic seed-dispersing bird species in New Zealand due 
to its widespread distribution and ability to swallow fruits larger than 12mm in diameter, 
making it a keystone species (Mander et al., 1998; McEwen, 1978). Kererū is the only 
member of the Columbidae family that does not have crop stones, meaning any seed that 
enters their system will be defecated intact (Clout & Tilley, 1992; McEwen, 1978; Wotton, 
2007). The unique ability to consume large fruits and keep the seeds intact makes kererū vital 
to the health’s forests (Clout & Hay 1989). In the case of local extirpation of kererū, large-
fruited plant species dispersed exclusively by kererū would decline throughout native forests 
(Clout & Hay 1989). Culturally, the role kererū play in seed dispersal and forest growth ranks 
their importance first among Tāne-mahuta's (God of the Forest) children, which is one of the 
reasons they are considered to be a taonga (treasured) species by Māori (Ngai Tahu Claims 
Settlement Act 1998).  
 
1.4 Kererū collision deaths: a case study  
Kererū face a range of manageable threats, including illegal hunting, predation by introduced 
mammals (especially of nests), and impact injuries sustained from flying into structures and 
cars (Cousins, 2010; Mander et al., 1998; Powlesland et al., 2003). However, the kererū 
population in Dunedin, New Zealand, suffers an apparent high injury and mortality rate each 
year due to impacts with windows and vehicles, possibly even with power lines (Mander et 
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al. 1998). Project Kererū has been rehabilitating injured kererū from the greater Dunedin 
region since 1997, with a high rate of successful releases (Nik Hurring, pers. comm.). Since 
2018, injured kererū have also received care from the Wildlife Hospital, Dunedin and later 
released back into their natural habitats (The Wildlife Hospital, Dunedin).  
 
It is not uncommon that homeowners find a dead or stunned kererū in their yard as a result of 
a BWC (Cousins, 2010). Kererū are amongst the most common species in New Zealand 
admitted to rehabilitation centres annually (Awasthy, 2012), including the Wildlife Hospital, 
Dunedin where they are the second most common patient (The Wildlife Hospital - Dunedin, 
unpublished data). This trend may result from people being more likely to report large injured 
birds rather than small birds.  For example, pilots reporting near misses with birds at the 
Christchurch International Airport were more likely to document interactions with large birds 
than small birds (Chilvers et al., 1997). This may also be true for individuals reporting 
BWCs. In 2004, 37% of kererū admitted to a rehabilitation centre in Dunedin had injuries 
arising from either a window collision or collision with a vehicle (Daglish, 2005). Cousins 
(2010) states that out of 31 observations, most kererū flew into windows that appeared to be 
clear. Of these collisions, 78% were houses, and 61% of windows involved were east facing 
with the nearest known feeding tree between 0 and 5 metres from the house. The height of 
these trees correlated with the swooping displays kererū do during the breeding season. Most 
collisions occurred from 9:00 am to 11:00 am and 1:00 pm to 3:00 pm, which coincides with 
the rising and setting of the sun (Cousins, 2010). During these times, the sun was in a 
position that caused the light to shine brightest on the windows, making them appear invisible 
to kererū, who were flying towards the window (Cousins, 2010). 
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Collision deaths occur in kererū populations throughout New Zealand (Cousins, 2010, Clout 
et al., 1995; Pierce and Graham, 1995). Additional studies indicate that 20% of deaths 
throughout the study of radio-tagged kereru at Pelorus Bridge were a result of collisions with 
vehicles (Clout et al., 1995). Similarly, 20% of kererū studied near Whangarei collided with 
windows and died, and so did 30% of kererū studied by the Whangarei Bird Rescue Group 
between 1992 and 1993 (Pierce and Graham, 1995). Between 1995 and 1998, 32% of kererū 
collected by the Department of Conservation Dunedin Field Centre died as a result of 
window collision, with most cases occurring in autumn and involving juveniles (Mander et 
al., 1998). Although it is unclear how these deaths impact population levels, it is critical to 
understand the frequency of deaths in Dunedin to prevent further decline of the species 
(DOC, 2020).  
 
1.5 Aims  
Most studies regarding bird collisions in New Zealand focus on wind farms (Powlesland, 
2009; Seaton & Barea, 2013), seabirds (Abraham & Kennedy, 2008; Abraham & Thompson, 
2009; Bartle, 1991), and collisions at the Christchurch International Airport (Brown & 
Hickling, 2000; Caithness et al., 1967; Chilvers et al., 1997; Creswell, 1988; Sodhi, 2002). 
The present study will be the first to review the geospatial, temporal, sex class, age class, 
seasonal, monthly, and decade trends of an avian species and observe kererū trends within an 
urban environment in New Zealand. The lack of research regarding BWCs in New Zealand 
combined with the declining kererū population in Dunedin (DOC, 2020) makes kererū and 
the plant species that they disperse highly susceptible to continuous degradation if kererū 
BWCs continue. As noted above, kererū are difficult to sex with field-based methods 
(Awasthy, 2012; Cousins, 2010; Daglish, 2005; DOC, 2020; Mander et al., 1998).  Therefore, 
developing an accurate sexing method is essential for understanding the geospatial, temporal, 
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sex class, age class, seasonal, monthly, and decade trends in kererū injuries and deaths in 
response to urbanisation. Understanding if a sex bias is significantly associated with window 
collisions and how collision trends have changed over time could aid in instigating future 
mitigation measures for avian species in urbanised areas. Not only will this be helpful for 
New Zealand and its species, but the findings of this study will be translatable to cities 
around the globe.  I will address this aim through the following approaches:  
 
• Identifying the most accurate and reliable field-based method for sexing both live and 
dead kererū via molecular methods, morphometric measurements, and post-mortem 
examinations.  
• Identifying the trends relating sex, age, and season found amongst injuries and deaths 
in response to urbanisation in Dunedin over 60 years and addressing how collisions 
have changed in response to increased urbanisation so that management actions can 
be customised. 
• Identifying hotspots throughout Dunedin in which kererū have most often injured or 
killed themselves via BWCs and vehicle collisions, and understanding whether hot 
spots have changed over time with increasing urbanisation.  
 
 
1.6 Thesis Structure 
The main research outputs of this thesis are represented by two main data chapters (Chapters 
Two and Three). These chapters are written as stand-alone chapters and, therefore, show a 
degree of repetition, particularly in the introduction sections. Finally, Chapter Four discusses 
the broader importance of these results in association with the existing literature.  
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Chapter Two determines the most accurate field-based method to identify the sex of dead  
and live kererū. This chapter involves using molecular sexing via DNA extraction and 
polymerase chain reaction (PCR) of tissues and blood, comparing phenotypic measurements 
through the use of a discriminant function analysis (DFA), and post-mortem examinations of 
sexual organs in exclusively dead museum specimens.  With permission from Komiti Taoka 
Tuku Iho, I sourced 100 dead kererū from the Otago Museum and took morphometric 
measurements, examined the gonads, and DNA sexed each individual.  
 
Chapter Three assesses trends in kererū injuries and deaths in response to urbanisation in 
Dunedin since the 1960s. Since urbanisation continues to increase, kererū collisions are also 
likely to increase with time. This chapter evaluates patterns found amongst kererū collisions 
regarding age, sex, season, building height, closeness of vegetation to collision site, change 
over time, and hotspots in Dunedin. This chapter investigates each variable using 
geographical information systems (GIS) and statistical analyses in statistical software R 
Studio.  I sourced the data for this chapter from the Otago Museum, the SPCA, DOC, Project 
Kererū, and the Wildlife Hospital, Dunedin. I undertook the statistical analysis within R 
Studio and ArcGISPro.    
 
Chapter Four highlights the importance of the results from Chapters Two and Three by 
comparing the outcomes of the present study with those from current literature, which 
addresses geospatial, temporal, sex class, age class, seasonal, monthly, and decade trends in 
avian collisions in urban ecosystems. Finally, management recommendations are suggested, 
so that kererū and other avian species can be better protected from collisions with windows, 










Chapter Two – An investigation into 









The ability to sex avian species is of paramount importance to many studies involving 
conservation biology, behaviour, monitoring ecosystems by observing indicator species 
(Montalti et al., 2012; Renner et al., 1998). Sexing birds may also influence the management 
and conservation of species (Fernandez-Juricic et al., 2009; Robertson et al., 2006; Zavalaga 
and Paredes., 1997). Physical distinctions between males and females within the same species 
can often be challenging to determine (Cuthill et al., 1999). Sexual monomorphism is a 
commonality amongst 60% of all bird species, making it challenging to identify females from 
males visually (Bermúdez‐Humarán et al., 2002; Cuthill, 1999; Steiner et al., 2016). Due to 
monomorphism, sexing many birds in the field can be challenging (Robertson et al., 2000). 
Field-based methods for sexing monomorphic avian species include (1) observing behaviour; 
(2) presence of brood patches; (3) morphometric measurements; (4) examination of the 
gonads, and; (5) vent sexing (Prus and Schmutz, 1987; Abdul-Rahman et al., 2015). Non-
molecular methods used to sex birds generally have low accuracy (Turcu et al., 2020). The 
development of DNA sexing methods constituted a breakthrough in the accuracy and speed at 
which sex could be identified in birds (Abdul-Rahman et al., 2015).  
 
The kererū (Hemiphaga novaeseelandiae), a large wood pigeon endemic to New Zealand, is 
challenging to sex in the field (Cousins, 2010; Daglish, 2005; Higgins & Davies, 1996). Male 
and female kererū are challenging to distinguish from one another as they appear to be 
sexually monomorphic in size, plumage and mass (Cousins, 2010; Higgins & Davies 1996). 
Therefore, a reliable way of sexing kererū is crucial for future studies, including post-
translocation, understanding trends in collisions, population structure, habitat use, feeding 
habits, breeding behaviour, and other aspects of sex-related life history (Brady et al., 2009; 
Letty et al., 2000; Moehrenschlager & Macdonald, 2003). To date, the majority of kererū 
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field studies have relied on behaviour in breeding pairs during the breeding season to 
determine sex, which restricts studies to just part of the year rather than annually (Campbell, 
2006; Clout et al., 1995; Flux et al., 2001; Powlesland et al., 2003; Thorsen et al., 2004). 
Thus far, no study has attempted to determine the difference between adult and juvenile 
kererū via morphometrics or attempted to determine if freezing kererū carcasses affects body 
condition by comparing morphometrics of live kererū to dead, thawed kererū. It is important 
to determine if juveniles and adults differ in morphometrics as they often appear to be just as 
large as adults in the hand, especially if that adult was malnourished or sick before death. 
Therefore, a method for determining difference between juveniles and adults apart from 
colouration would be useful for identifying age class in the field.  
 
Morphometric measurements have been used to distinguish sex in birds species (Abdul-
Rahman et al., 2015; Awasthy, 2012; Cousins, 2010; Daglish, 2005; Gill, 2006; Hart et al., 
2009; Quintana et al., 2003), but it is unclear if this method is reliable in kererū. Some studies 
of kererū have had success using morphometrics to detect sex (Cousins, 2010; Gill, 2006), 
while others have not (Awasthy, 2012; Daglish, 2005). Cousins, 2010; Gill, 2006; and 
Daglish, 2005 verified sex via gonadal examination and Awasthy, 2012 verified sex with 
DNA sexing. Distinct variation between female and male bill characteristics in kererū have 
been found (Gill, 2006).  Similarly, Cousins (2010) found a significant difference between 
head-bill lengths (total head length) of male and female kererū. However, neither Awasthy 
(2012) or Daglish (2005) found significant differences in morphometrics between the sexes. 
Therefore, with such variation amongst studies and a general lack of morphometric studies of 
pigeon species (Daglish, 2005), sex identification apparently cannot be guaranteed by relying 
solely on morphometrics.  
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In addition to morphometric measurements, Daglish (2005) also attempted to sex 106 kererū 
by post-mortem examination of gonads and found that the sexual reproductive organs were 
not visible in 19 specimens (17.9%). Lack of visibility within these specimens was likely due 
to the lack of gonadal development in younger individuals (Daglish, 2005; Lessells & 
Mateman, 1998) who have yet to reach sexual maturity (seven months in pigeons) (Johnston, 
1992). Alternatively, these individuals may have died while outside of the breeding season 
(summer months) (Awasthy, 2012), and their gonads may have been contracted (March and 
Sadleir, 1970). During the breeding season, testes in male birds are easy to identify because 
testicular growth is pronounced in many bird species due to elevated hormone production, 
which is strongly correlated with light exposure (day length) (Akins and Burns, 2001). Visual 
cues, such as sunlight, activate the hypothalamus, a photosensitive area of the brain, which 
secretes a gonadotropin-releasing hormone (GnRH) (Akins and Burns, 2010). This activation 
causes the secretion of luteinising hormone (LH) and follicle-stimulating hormones (FSH) in 
response to photic energy from the environment (Akins and Burns, 2010). The hypothalamus 
in pigeons has been found to contain these ‘gonad changing’ mechanisms (Meier, 1973). 
Females also experience an ovary enlargement during the breeding season (Akins and Burns, 
2010).  
 
Daglish (2005) assumed that post-mortem examination provided 100% accurate results in 
kererū. However, upon removing specimens for which sex was not determined and 
comparing the accuracy of morphometric sexing to post-mortem gonadal sexing, the 
accuracy of morphometric measurements was 66.1% (Daglish, 2005). As post-mortem sexing 
has proven to not always be 100% accurate (Garcelon et al., 1985; Turcu et al., 2020), it was 
suggested by Daglish (2005) that future research perform morphometric measurements on 
genetically-sexed birds for higher accuracy and to be able to compare results between 
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methods. Given these studies, we can conclude that the accuracy of sexing methods varies 
and that the most reliable method to date is DNA sexing (but see Robertson and Gemmell 
2006).  
 
Due to the high rate at which kererū impact with windows and the apparent decrease in 
Dunedin's kererū population, a reliable way to sex individuals quickly and efficiently is 
highly desirable (Daglish, 2005; DOC, 2020). A way to sex kererū in the field would allow 
for instant sex allocation at the collision spot. Many conservation programmes will need this 
information to better understand the sexes’ survivorship, breeding behaviour, and other 
aspects of sex-related life history (Brady et al., 2009; Letty et al., 2000; Moehrenschlager & 
Macdonald, 2003). Future conservation programmes could use this information to determine 
if one sex is involved in collisions more severely than the other (Steinen et al., 2008; Kahle et 
al., 2016). Previous methods used to sex kererū ranged from observing behaviour during the 
breeding season (Campbell, 2006; Clout et al., 1995; Flux et al., 2001; Thorsen et al., 2004), 
morphometrics (Awasthy, 2012; Cousins, 2010; Daglish, 2005; Gill, 2006), post-mortem 
examination of gonads (Daglish, 2005), and DNA analysis (Awasthy, 2012).  
 
Study aims  
This study will attempt to find an accurate way to sex kererū in the field through 
morphometrics. Additionally, sex will be identified in the laboratory by post-mortem 
examination of gonads, and the sexes identified will be verified by DNA testing. This study 
differs from most of those above as morphometric measurements and DNA will be used to 
sex both dead and live individuals, whereas Daglish (2005), Cousins (2010), and Gill (2006) 
only used dead kererū. I hypothesise that based on the varying results shown in Daglish 
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(2005), Cousins (2010), Gill (2006), and Awasthy (2012), that there will not be a reliable way 
to sex kererū in the field, and that DNA sexing will be the most accurate method.  
 
 
2.2 Materials and Methods  
2.2.1 Experimental procedure  
All procedures used followed approved guidelines within Wildlife Act 1953 permits issued by 
the Department of Conservation (permit authorisation number: FAU-82529) and Komiti 
Taoka Tuku Iho. The three methods below were used to sex the birds within this study. 
 
2.2.2 Morphometric sexing  
The Otago Museum has been receiving dead kererū from various sources from the 1970s 
onwards, including the Department of Conservation, the Wildlife Hospital, Dunedin, Project 
Kererū, and the general public. All kererū received by the Otago Museum were given an 
Accession Number, and the event was recorded. One hundred frozen kererū were included in 
the study, and were removed from  the freezer, thawed, processed in the Department of 
Zoology’s necropsy lab, and then returned to the Otago Museum for cultural purposes as 
agreed with Komiti Taoka Tuku Iho. Data collection for each individual was performed as 
outlined by Cousins (2010), Alisauskas & Ankney (1987), Green (1980), Chitty (2011), and 
Gosler et al. (1998). To avoid observer bias, the following traits were measured by a single 
observer: 
i.Weight: Recorded on an electronic scale to the nearest hundredth of a gram (Chitty, 
2011) 
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ii.Bill width: Measured at the widest point of the bill (Alisauskas & Ankney, 1987). 
iii.Bill depth: Measured at the base of the feathering (Cousins, 2010). 
iv.Total head length: Measured from the tip of the bill to the base of the skull (Green, 
1980). 
v.Right tarsus: Measured using the minimum tarsus method (Cousins, 2010).  
vi.Right wing: Measured using the maximum chord method (Gosler et al., 1998).  
vii.Tail: Measured to the longest feather (Cousins, 2010).  
[Measurements ii-iii were taken to the nearest tenth of a millimetre with handheld vernier 
callipers; measurements v-vii were taken using a stop-end ruler and measured to the nearest 
millimetre] 
 
In addition to frozen, dead kererū, Wildlife Hospital staff also recorded data from live kererū 
brought into the Wildlife Hospital, Dunedin, from September 2020 to December 2020. Live 
individuals were used with the intention of determining if freezing carcasses causes change in 
body condition. A single observer also measured live individuals. The same measurement 
tools were used for both live and dead individuals.  
 
By observing the colour of the bill and feet, I was able to identify the age of all dead and live 
individuals according to the colour of the keratin. The brighter coloured individuals were 
designated as adults, while those with dull-coloured features were designated as juveniles, as 
described by Mander (1998).   
 
2.2.3 Post-mortem sexing 
Following measurements, the neck, chest, and back areas were plucked. Feathers were kept in 
bags labelled with which area of the body they were extracted from (neck and chest feathers 
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were bagged together) and returned to the Otago Museum for future cultural use. Upon 
observing the gonads of each individual, sex was determined when possible (Figures 1 A & 
B). A tissue biopsy sample from the chest of each individual was placed into a 1.5 ml 
Eppendorf tube containing 100% ethanol and stored at -20°C for DNA sexing. Five blood 
samples from live birds were collected from the Wildlife Hospital and kept in a 1.5mL 
Eppendorf tube containing Queen’s lysis buffer (Seutin et al. 1991) and kept at room 
temperature at the Wildlife Hospital, Dunedin, and then at  4°C. In addition, one feather 




2.2.4 DNA Sexing 
There are a number of methods used to determine the sex of birds at the molecular level. For 
example, polymerase chain reaction (PCR) is used to amplify homologous regions of the 
CHD-W (female only) and CHD-Z gene (found in both sexes) (Constantini et al., 2008; 
Grant, 2001). A PCR  test of sex for birds produces a single band for males (ZZ) and a double 
band for females (ZW) (Griffiths et al., 1998).  
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Molecular sexing of kererū was accomplished by DNA extraction, PCR, and agarose gel 
electrophoresis (Abdul-Rahman et al., 2015). Two different sets of PCR primers were 
optimised for kererū DNA sexing. The primer pairs used throughout this study were 
CHD2550 GTTACTGATTCGTCTACGAGA/ CHD2718 
ATTGAAATGATCCAGTGCTTG (Fridolfsson & Ellegren 1999) and P2 
TCTGCATCGCTAAATCCTTT/ P8 CTCCCAAGGAGGAGRAAYTG (Griffiths et al., 
1998). All DNA extractions used a chelex extraction protocol (Walsh et al., 1991). All PCR 
reactions were performed with the MyFi Polymerase Kit (Bioline Reagents, Sydney, 
Australia) (Long et al., 2019) in a 25 𝝁𝝁Lvolume reaction containing 15ng kererū DNA, 1 
Unit of MyFi Taq DNA Polymerase, 0.2𝝁𝝁M of each primer, and PCR-grade water up to 
25𝝁𝝁L final volume. The PCR procedure on the Eppendorf vapo.protect thermal cycler was as 
follows: 94°C denaturation for 3 mins; then 35 cycles of 94°C (denaturation) for 15 seconds, 
50°C (annealing) for 25 seconds, and 72°C (extension) for 35 seconds, before ending with a 
final elongation at 72°C for four minutes. The PCR products were separated in a 2% agarose 
gel, run in a standard TAE buffer, and visualised using Syber Safe DNA Gel Stain.  Males 
identified by the 2550/2718 primers were verified by using primers P2/P8. (Figure 2, 
bottom), because failure to amplify the CHD-W in a true female results in an erroneous male 






2.2.5 Statistical analysis 
Each bird was assigned a post-mortem gonadal sex and DNA sex. The DNA sex was 
assumed to be the correct method based on the findings of previous studies of DNA sexing of 
birds (Abdul-Rahman et al., 2015;  Hart et al., 2009; Quintana et al., 2003) (See Discussion). 
T-tests, descriptive statistics, and box and whisker plots with 95% confidence intervals were 
used to assess relationships between groups (e.g. juveniles vs adults, dead vs live, and 
between sexes of adults) and to determine if there were any significant differences in 
morphometric measurements between age and sex class of DNA sexed kererū. The groups 
that were assessed were dead adults of both sexes (N=83), dead juveniles of both sexes 
(N=15), and live adults of both sexes (N=5). These analyses were performed within Excel 
version 16.45. 
 
When comparing morphometrics between adults and juveniles, only dead individuals were 
used as there were no live juveniles to compare to within this study. Only once the DNA sex 
was determined did the morphometric measurements undergo statistical analysis. This is 
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because an accurate sex was necessary to determine if morphometric measurements differ 
between sexes. 
 
Several statistical analyses can be used to evaluate measurements (e.g., linear 
models,  Jeffery et al., 1993; multivariate methods including principal component analysis, 
Rubega, 1996); however, discriminant function analysis (DFA) based on phenotypic 
measurements is generally one of the fastest and effective means of sexing individuals 
(Dechaume-Monacharmont et al., 2011). DFA predicts the sex of unknown individuals by 
creating a model using morphometric measurements (Daglish, 2005) and can be used to 
circumvent sexing via gonadal analysis and behaviour observation (Sweeney and Tatner, 
1996). Here, the DNA sex was used to develop a predictive DFA for kererū based on 
morphometric measurements. However, due to the small number of juveniles (N=15), the 
limited number of live individuals (N=5), and two birds that were not measured due to the 
state of decomposition, only dead adults with sexes verified with DNA sexing were included 
in the linear discriminant function (N=83). R Studio version 1.3.959 was used to complete 
the statistical analysis. 
 
2.3 Results 
One hundred kererū were sexed by post-mortem gonadal examination, identifying 44 
females, 34 males, and 22 birds of uncertain sex. DNA sexing was undertaken on these 100 
birds and five live birds from the Wildlife Hospital, Dunedin, and one feather sample. 
Comparing post-mortem gonadal sex results with DNA sex results revealed that post-mortem 
gonadal sexing is not as accurate as DNA sexing. DNA sexing revealed that nine individuals 
were assigned the incorrect sex during post-mortem gonadal examination (Table 3) (see more 
detail in 2.3.6). Consequently, the DNA sex allocated to each individual was used in 
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subsequent analyses as DNA sexing is the most accurate means of sexing birds (Abdul-
Rahman et al., 2015; Hart et al., 2009; Quintana et al., 2003). 
 
Morphometric measurements of the same 100 dead birds and the same five live birds 
indicated that juvenile kererū were generally physically smaller than adults; these differences 
also were sex-specific, with females being smaller than males (Table 1). In addition, the 
morphometric measurements of male and female adults indicated a significant difference 
between adult male and adult female total head length and mass with males being larger in 
both categories (Table 1).  However, these results only apply to dead adults, as there was no 
significant sexual difference detected in measurements of live adult kererū (Table 2). This is 


















Sex Age N Mean SE Min. Max. 
Weight (g) 
♂ 
Adult 35 517.7 19.7 355.4 693.2 
Juvenile 9 458.7 46 305.6 742.1 
♀ 
Adult 48 562.3 13.3 377 740.2 
Juvenile 6 394.2 43.5 199.2 468.8 
Bill Depth (mm) 
♂ 
Adult 35 10.18 0.2 7.5 12 
Juvenile 9 10.2 0.3 8.5 11 
♀ 
Adult 46 10.5 0.1 8 12 
Juvenile 4 10.4 0.5 9.5 12 
Bill Width (mm) 
♂ 
Adult 35 10.5 0.2 8.5 14 
Juvenile 9 10.5 0.3 9 12 
♀ 
Adult 46 10.9 0.1 8.5 13.5 
Juvenile 4 9.9 0.3 9 11 
Total Head length (mm) 
♂ 
Adult 34 64.4 0.4 55 69 
Juvenile 9 63.1 0.6 60.5 66 
♀ 
Adult 47 63.3 0.3 59.9 67 
Juvenile 5 61.8 0.3 59.9 64 
Tarsus (mm) 
♂ 
Adult 35 36.9 0.3 34 42 
Juvenile 9 34.6 1 30 38 
♀ 
Adult 46 36.6 0.3 31 44 
Juvenile 6 34.9 0.5 33 36.5 
Wing (cm) 
♂ 
Adult 34 25.6 0.2 24.5 27.2 
Juvenile 9 25 0.3 23.4 26.3 
♀ 
Adult 46 25.6 0.1 24.2 27.1 
Juvenile 6 23.1 0.5 21.3 24.5 
Tail (cm) 
♂ 
Adult 35 18 0.4 15.9 20.6 
Juvenile 9 17.9 0.4 16.3 19.6 
♀ 
Adult 48 18.3 0.2 15.9 20.7 
Juvenile 6 13.9 1.4 8.1 18 
 






 Sex N Mean SE Min. Max. 
Weight (g) 
♂ 2 579 7 565 579 
♀ 3 540.7 51.2 467 639 
Bill Depth (mm) 
♂ 2 12 1 10 12 
♀ 3 11 1.2 8 12 
Bill Width (mm) 
♂ 2 12 1 11 12 
♀ 3 11.7 0.3 11 12 
Total Head length (mm) 
♂ 2 63 2 63 67 
♀ 3 62.3 1.2 59 63 
Tarsus (mm) 
♂ 2 34 4 34 42 
♀ 3 37.3 2.4 34 42 
Wing (cm) 
♂ 2 23 2.8 23 28.5 
♀ 3 25.6 0.6 23.8 26 
 
2.3.1 Use of morphometrics to identify sex 
2.3.2 Juveniles  
Juvenile kererū showed a significant sexual difference for wing length (T-test: t(9) = -3.38, p 
= .006), with DNA sexed females having shorter wings than DNA sexed males (Figure 3A) 
(Table 1). There was also a significant difference between tail length amongst juveniles (T-
test: t(6) = 2.72, p = .035); DNA sexed females had shorter tails than DNA sexed males 
(Figure 3B) (Table 1).  
Table 2 Descriptive statistics and mean (±SE) body measurements of DNA 






Adult DNA sexed kererū were found to have significant sexual differences for total head 
length (T-test: t(59) = 2.08, p = .042;Figure 4A) and weight (t(74) = 2.19, p = 0.032; Figure 
4B). Overall, females were heavier than males, and females had smaller total head lengths 
than males (Figure 4B; Table 1). There was a significant difference between the mass of dead 
males and live males (T-test: t(20) = -3.2, p = .004), with live male kererū being heavier than 
dead male kererū (Table 1 and 2). Overall, there were no significant sex differences for DNA 
sexed live kererū (Table 2). The linear discriminant function containing all measurements 






2.3.4 Comparison between juvenile and adult kererū 
When comparing DNA sexed dead juveniles to DNA sexed dead adults, mass (T-test:t(6) = 
2.45, p = .01), tarsus (t(11) = 2.97, p = .01), wing (t(5) = 5.32, p = .003), and tail (t(5) = 3.13, 
p = .026) were significantly different between adult dead females and juvenile dead females; 
adult females were larger in all significant measurements than juvenile females (Figure 5A, 
B, C, & D) (Table 1). Only tarsus length was significantly different between dead adult males 
and dead juvenile males (T-test: t(11) = 2.22, p = .048); tarsus measurements were larger in 
adult males than juvenile males (Figure 5E) (Table 1). The only variable that was 
significantly different between the DNA sexes and the age classes was tarsus length (Figure 







2.3.5 Post-mortem sexing   
In the sample of 100 kererū aged as juveniles and adults by analysis of keratin, post-mortem 
gonadal examination (before being validated by DNA sexing) resulted in 44 females (44%), 
34 males (34%) and 22 unknown (22%) being determined (Table 3). Due to the size of the 
reproductive organs or the state of decomposition, 22 individuals could not be identified as 
either male or female and were categorised as unknown (NA). Therefore, only 78 of the 100 
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individuals (78%) were assigned a sex using post-mortem gonadal examination. Disregarding 
the unknown individuals, the sex ratio after post mortem sexing was 4:3 in favour of females, 
but this was not significantly different from parity (Chi-squared = 1.57, p = 0.21).  
 
2.3.6 DNA sexing 
DNA sexing revealed that of the same 100 individuals sexed via post-mortem gonadal 
examination, 56 were female (56%), and 44 (44%) were male (Table 3). A comparison of 
DNA sexed individuals showed that 6 (7.7%) of the individuals initially classified as female 
via post-mortem gonadal examination were male. Molecular sexing also revealed that 7 (9%) 
of the individuals classified as males via post-mortem gonadal examination were female. 
Therefore, on the assumption that DNA sexing is 100% correct, post-mortem sexing 
incorrectly identified the sex of 13 individuals (16.7% of 78 kereru). The sex ratio after DNA 
sexing was 14:11, favouring females, which was also not significantly different from parity 







Post-mortem gonadal sexing DNA sexing 
Males 34 44 
Females 44 56 
Unknown  22                   0        
 
 
Table 3 The difference between the number of male, female, 
and unknown sex kererū determined by post-mortem gonadal 





The ability to accurately identify the sex of individual birds plays a vital role in 
understanding sexual selection and mating systems, allowing for efficient species 
management and conservation (Dechaume-Moncharmont et al., 2011, Zavalga & Paredes, 
1997). There are several different ways to sex birds including, morphometric measurements 
(Abdul-Rahman et al., 2015; Cousins., 2010; Daglish., 2005; Gill., 2006; Hart et al., 2009; 
Quintana et al., 2003) post-mortem gonadal examination (Bailey, 1953; Griffiths., 2000; Prus 
and Schmutz., 1987; Montalti et al., 2012; Turcu et al., 2020), and DNA sexing (Cerit and 
Avanus., 2007; Fridolfsson & Ellegren 1999; Griffiths et al. 1998; Morhina et al., 2012). 
However, due to the high likelihood of human error and inability to see gonads when sexing 
via post-mortem examination, the lack of significance amongst many of the morphometric 
characteristics measured, and a prediction rate of just 80% showed by the linear discriminant 
function analysis, DNA sexing should be considered the most reliable way to sex kererū.   
 
2.4.1 Use of morphometrics to identify sex 
One method to determine the reliability of morphometric measurements to identity sex in 
monomorphic species is a linear discriminant function analysis (DFA), otherwise known as 
discriminant function (Dechaume-Moncharmont et al., 2011). Discriminant analysis has been 
widely used to identify sex in birds (Coulson et al., 1983; Daglish, 2005; Dunnet & 
Anderson, 1961; Granadeiro, 1993; Hamer & Furness 1991; Okill et al., 1989; Scolaro et al., 
1983). The discriminant function uses measurements of both sexes to produce a linear 
combination of metric variables to maximise the statistical difference between males and 
females (Brennan et al., 1991).  
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DFA has varying success in identifying the sex of birds.  For example,  Barrè et al. (2003) 
used DFA to sex the monomorphic New Caledonian imperial pigeon (Dulca goliath) with 
74% accuracy. Grecian et al  (2003) predicted razorbill (Alca torda) sex using a DFA with 
80% accuracy. This outcome is similar to the present study of kererū (i.e. kererū sex 
predicted with 80% accuracy). An 80% accuracy rate entails 20 out of 100 birds will be sexed 
incorrectly. Therefore, using this method to sex kererū is not likely to be reliable due to the 
poor accuracy. 
 
Similar to Cousins (2010), the present study found a significant difference between male and 
female adult total head length (head/bill length; Figure 4A).  Gill (2006) also found a 
difference in bill length between sexes for kererū. However, the present study also found 
mass between adults to be significantly different between sexes with males being heavier 
than females. This finding suggests the reliability of using morphometrics as a sexing method 
than Cousins (2010) and Gill (2006), but mass may be a reliable source of sexing (Figure 
4B), which has not been previously reported. That said, more comparative research of live 
and dead kererū measurements should be done, as the present study only had 5 live 
individuals to compare to 100 dead individuals. A comparison between live and dead kererū 
could provide insight if body condition changes as a result of freezing.  
 
The present study is the first to report morphological differences between adult and juvenile 
kererū. There are a number of significant differences between adults and juveniles that may 
be used when assigning this broad age class to an individual (Figure 5) (Table 1). However, it 
is expected that measurements would differ between adults and juveniles due to juveniles 
being smaller in general. The means between the adult and juvenile female mass, wing, and 
tail are substantially different (Figure 5A, C, D) (Table 1) and have potential to be an 
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accurate means for determining age class compared to keratin colour. However, the only 
difference detected between male adults and juvenile male tarsus was weaker (Figure 5E) 
(Table 1), and hence may not be useful for determining age class in male kererū.  
 
For the reasons above (e.g. error rate of 20%, only two of the seven measurements between 
adult sexes being significant, and weak significance between adult and juvenile 
measurements) assigning sex or age class based on kererū morphometric measurements alone 
is not reliable. This is especially true considering the only consistent difference between adult 
male and juvenile male and adult female and juvenile female is tarsus length (Figure 5B & E) 
(Table 1). If one were to incorrectly sex the individual, they might also assign an incorrect 
age class.  
 
Previous studies that have used morphometrics in an attempt to differentiate between the 
sexes of kererū have presented conflicting results.  For example, Gill (2006) and Cousins 
(2010) noted significant differences between some morphological aspects of kererū (e.g total 
head), while Awasthy (2012) and Daglish (2005) found no significant differences between 
the sexes. Based on the discrepancies between studies (including the present study), it seems 
unlikely that morphology alone is reliable for identifying sex in kererū. Age can be assigned 
by observing the colouration of the feet and bill, with juveniles having dull features,  while 
adults show brighter red coloration (Mander, 1998). 
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2.4.2 Reliability and accuracy of post-mortem sexing methods 
compared to DNA sexing methods   
Genetic sexing was able to assign a sex to all 100 dead individuals from tissue samples and 
an additional six live individuals from blood samples and one feather sample. In comparison, 
post-mortem gonadal sexing was only able to sex 78 (78%) of the 100 dead individuals, but 
only 65 of the 78 sexed by post-mortem gonadal sexing where sexed correctly when 
compared to DNA sexes (83.3%; Table 3). Because the findings of previous morphometric 
studies have varied so much (Cousins, 2010; Daglish, 2005; Gill, 2006; Pierce & Graham, 
1995; Mander, 1998), and there is no one clear answer as to whether or not kererū can be 
sexed via morphometrics (present study), DNA sexing should be the method of choice for sex 
identification in kererū.  
 
2.4.3 Reliability and accuracy of DNA Sexing 
Prior to molecular sexing, the only practical way to reliably determine sex in many bird 
species was via direct observation of the gonads (Bailey, 1953). Gonadal examination can be 
accomplished using  laparotomy or laparoscopy, endoscopy, celioscopy, or the use of 
otoscope, which all require surgical methods involving visualising the gonads while the 
individual is under general anaesthesia (Montalti et al., 2012; Prus and Schmutz, 1987; Turcu 
et al., 2020). An incision must be made to better view either testes in males or a single ovary 
in females. Alternatively, the gonads can be examined during a post-mortem examination. 
Drawbacks to these methods are that if an individual is not in breeding condition, the gonads 
may not be enlarged, causing difficulties differentiating testes from ovaries (Griffiths, 2000). 
Additional risks include the surgery process which the individual must undergo for this 
procedure to work (Bruce Robertson, pers. comm.).  
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Mis-diagnosis of sex often occurs when gonads are undeveloped (Garcelon et al., 1985; 
Turcu et al., 2020). As Garcelon et al. (1985) discovered when sexing bald eagles (Haliaeetus 
sp.) using laparoscopy, two individuals were sexed as male and were later discovered to be 
female after DNA sexing revealed their true sex . Similarly, Turcu et al. (2020) used 
endoscopy to sex love birds (Agapornis sp.) and misidentified one of the birds as a male; it 
was later revealed by DNA analysis to be a female. Both of these studies demonstrate that 
identifying sex by gonadal examination alone is not a accurate method for of sexing.  
 
Various studies have compared methods for sexing against DNA sexing (Abdul-Rahman et 
al., 2015; Campbell et al., 2016; Prus and Schmutz, 1987; Turcu et al., 2020). For example, 
several methods for sexing guinea fowl (Numida meleagris), a bird raised in large scale 
poultry production in Ghana, have been explored (Abdul-Rahman et al., 2015). This 
comparative study used vent sexing, morphometric sexing, and molecular sexing to 
determine the most efficient and most ‘farmer friendly’ sexing technique for guinea fowl. 
While morphometric methods were the easiest for farmers to use (success rate of 93.9%), 
molecular methods provided the most accurate results, as all individuals were assigned a sex 
using the 2550/2718 primer set (Abdul-Rahman et al., 2015). This study demonstrates that 
although various methods can be used to sex birds, DNA sexing is the superior method with 
regards to accuracy.  
 
Additionally, Quintana et al. (2003) attempted to sex adult rock shags (Phalacrocorax 
magellanicus) with morphometric measurements and found that no single measurement used 
was able to accurately predict sex. The closest some measurements came to predicting sex 
was head, bill, and wing length at 70%, 70%, and 66% predictive accuracy, respectively. 
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They suggested that genetic sexing techniques are useful in situations where sex cannot be 
determined via morphometrics as they used DNA sexing to determine the correct sex of the 
birds within the study. A similar conclusion was reached by Hart et al. (2009), who were able 
to sex macaroni penguins (Eudyptes chrysolophus) with up to 89.2% accuracy using 
morphometrics, but stated that sexing via molecular tests was far more accurate.  
 
Although DNA sexing is preferred by many as it is an accurate method for identifying sex in 
birds, it is not without its caveats. The main drawbacks of DNA sexing are the cost of the 
reagents and equipment needed, and the time it takes to obtain results (Turcu et al., 2020). 
Also, the use of only one or the wrong set of primers in the PCR analysis can result in high 
failure rates and can provide inaccurate results when not validated with at least one other 
independent sex test (Hart et al., 2009; Robertson & Gemmell, 2006). In the present study, 
several primer sets were tested until sex was able to be determined accurately. Also, all 
individuals identified as male were then verified using a different pair of primers (Robertson 
and Gemmell 2006).  
 
Conclusion  
The ability to sex monomorphic species such as kererū in the field is of importance as it 
provides quick results and these methods are generally inexpensive and efficient (Dechaume-
Moncharmont et al., 2011). DNA testing of all individuals ensures that sex is determined with 
accuracy and can indicate the accuracy of the results provided by morphometrics and post-
mortem gonadal examinations and can be done by obtaining a feather or a blood sample 
while in the field (Abdul-Rahman et al., 2015; Cerit and Avanus, 2007; Hart et al., 2009; 
Morhina et al., 2012; Prus and Schmutz, 1987; Turcu et al., 2020; Quintana et al., 2003). 
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Because there is little literature regarding morphometric sexing of pigeons (Daglish, 2005), 
further research on this topic is required to perfect sexing methods. Such methods will be 
valuable in future management programs. Consequently, I suggest that the Wildlife Hospital, 
Dunedin continue to obtain DNA samples from each kererū that is admitted so that future 
studies can determine if there is evidence for sex-specific injury or mortality. Kererū sex 
should continue to be monitored to further understand how to best manage sex-specific 
behaviours that endanger them, as well as to understand breeding, physiology, ecology, and 


























Chapter Three – Analysis of spatial 
variation in kererū bird-window collisions 













Since the second half of the 20th century, urbanisation has become one of the largest threats to 
biodiversity worldwide (Elmqvist et al., 2013; Grimm et al., 2008), being one of the most 
accelerated means of change of biodiversity and ecosystems (Aronson et al., 2014; 
McKinney, 2002). Man-made structures associated with urbanisation, such as buildings, 
powerlines, communication masts, wind turbines, and fences, result in mid-flight bird 
collisions (Martin, 2011). Collisions with man-made objects are thought to be the largest 
cause of avian deaths globally (Banks 1979; Klem et al., 2004). Urbanisation in Dunedin 
began just before the 20th century. The first emigrant ships to arrive in Dunedin came in 1848, 
marking the beginning of colonisation by European settlers (Clark, 1961). Within the first 
year of colonisation, large areas of native bush, scrub, flax, fern, and other native flora had 
been destroyed to make way for houses and other buildings (Clark, 1961). The overall 
increase in urbanisation results in the need for taller buildings, more private cars, and an 
overall increase in buildings within urban areas (Zhan et al., 2015), which might all increase 
collisions.  
 
Birds that reside in urban areas are met with anthropogenic threats daily, including death 
from bird-window collisions (BWCs) (Hager et al., 2013). Today, it is estimated that close to 
one billion birds die from BWCs annually in North America alone (Loss et al., 2014; 
Machtans et al., 2013). It is difficult to understand why some birds collide with windows, 
because there is an incomplete understanding of species-specific patterns and temporal trends 
of BWCs (Hager & Craig, 2014). Studies investigating what factors play a role in bird 
collisions have produced varying results depending on locality, flyways, proximity to habitat, 
time of year, and methods (Hager et al., 2013; Kahle et al., 2016; Klem 1989). Furthermore, 
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there may be many aspects of avian biology that affect susceptibility to fatal window 
collision, such as life history, size, and feeding behaviours (Kahle et al., 2016).  
 
One hypothesis suggests that environmental resources are the primary cause of BWCs as 
birds are often drawn to vegetation and food (e.g., bird feeders) found in urban settings 
(Blair, 1996; Fuller et al., 2008; Hennings & Edge, 2003; Melles et al., 2003). For example, 
houses with artificial feeding stations attract high numbers of sparrows and finches during 
winter, accounting for increased collision-related deaths among these species (Klem, 1989; 
Klem, 1990; Klem, 2009; Martin, 2011; Seto et al., 2010). If this hypothesis is correct, then 
factors that affect bird collisions should be related to factors that increase bird density and 
richness (Hager et al., 2013). Such factors include areas of vegetated patches within urban 
landscapes, which often draw birds in as a food source (Blair, 1996; Hennings & Edge, 2003; 
Fuller et al., 2008; Melles et al., 2003).  
 
Several studies have been conducted to determine whether or not closeness to vegetation 
affects BWCs and varying results have been found (Borden et al., 2010; Hager et al., 2013; 
Klem et al., 2009). Hager et al. (2013) calculated the average distance between collision 
locations and all vegetated areas within >0.5ha of the collision and determined that BWCs 
were not affected by vegetated patches within an urban setting. Klem et al. (2009) determined 
that BWCs were affected by vegetation, by calculating the percent of vegetation reflecting off 
each building within the study. Using this approach, they found that closeness of vegetation 
and percent of vegetation reflected in the building are significant predictors of BWCs and 
suggest that building designers can help mitigate bird strike by decreasing the proportion of 
glass to other building materials. This approach will decrease the percent of vegetation 
reflected off of the building as a whole as there will be less glass involved. Despite this, 
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others have found no correlation between BWCs and the presence of trees adjacent to 
buildings involved in collisions, or no association with the reflection of trees off the buildings 
(e.g., Borden et al., 2010).  
 
Urban landscapes show varying patterns of development. They generally contain a main 
commercial area composed of large buildings, with increased window area, as well as 
clusters of residential areas that feature smaller buildings with reduced window area (Hager 
et al, 2013; Lang et al., 2009). While the relationship between building height and BWCs is 
poorly known, it is clear that mortality caused by tall buildings in large cities can be 
significant (e.g., Hager et al., 2008). Hager et al. (2013) investigated the number of bird 
fatalities in relation to window area and found that there was a positive relationship between 
bird collisions and window area (no collisions were noted for buildings with <22m2 of sheet 
glass). This result suggests that larger buildings with more windows are more likely to cause 
bird deaths than smaller, residential buildings. However, large buildings are not the only 
structures that pose a threat to birds. Borden et al. (2010) conducted a study in which 
buildings of various ages, heights, and materials were surveyed for BWCs and proposed that 
low-rise buildings also pose significant hazards to birds in regards to BWCs, because not a 
single death was observed at the tallest building in their study of BWC and building aspects. 
However, buildings with more glass tended to cause significantly more BWCs (Borden et al., 
2010).  Gelb and Delaretaz (2009) compared collision rates between high and low rise 
buildings in New York City and found that four of the top ten collision sites were low rise 
buildings (<40m). Consequently, future investigation of collision with buildings should 
include low-rise as well as high-rise buildings, and other tall structures alike (Borden et al., 
2010; Gelb and Delacretaz, 2009).  
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Seasonality can often affect the age profile and sex ratio of BWCs (Hager et al., 2013; Kahle 
et al., 2016). For example, a five year study that sexed 277 birds that had collided with a 
building in California found that males were overrepresented (66% of individuals; Kahle et 
al., 2016). Furthermore, while males struck windows more than females in every month of 
the study (Kahle et al., 2016), collisions in August through October had the highest sex bias 
(2.5 males: 1 female; Kahle et al., 2016). In the same study, young birds were significantly 
more likely to collide with windows, especially through April to October (Kahle et al., 2016), 
while adult deaths occurred more often than juveniles deaths from October to December 
(Kahle et al., 2016). Hager et al. (2013) similarly found that juveniles were more likely to 
collide with windows than adults, with post-fledgling individuals accounting for 81% of 
collisions in boreal summer and autumn. Mortality due to BWCs are low in winter, while 
collisions increase with the breeding season, generally June through August (boreal breeding 
season) (Hager et al. 2013). The breeding season may also affect BWCs as daily activities 
change due to breeding behaviour (Whittaker & Marzluff, 2012). For example, Kahle et al. 
(2016) hypothesised that male collisions would be overrepresented in their data due to 
changed male bird flight patterns and territorial tendencies during the breeding season.  
 
Kererū (Hemiphaga novaeseelandiae), an endemic species to New Zealand, are known to fly 
into power cables, vehicles, and windows (Powlesland, 2009) and in the city of Dunedin, 
New Zealand, are known to be one of the most common species at the Wildlife Hospital, 
Dunedin (The Wildlife Hospital, Dunedin, unpublished data). Kererū injuries often include 
trauma resulting from collisions with windows and vehicles (Daglish, 2005). Because the 
kererū population in Dunedin is decreasing (DOC, 2020), it is imperative that the reasons for 
this decline are better understood to protect the population. Consequently, a better 
understanding of kererū collision trends coinciding with the breeding season, sex-related 
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behaviours (e.g. display dives), and proximity to buildings and vegetation will allow 
conservation managers to develop advocacy prevention strategies to protect kererū more 
effectively, as they will understand which factors of sex, season, and urban features need to 
be addressed to mitigate further injuries and deaths. 
 
While it is currently unknown if sex, age, or season bias kererū collisions, the male kererū 
display flight (Mander et al., 1998) may make males more susceptible to collisions. Display 
flights consist of the male flying in a steep upwards direction before momentarily stalling at 
the peak height with wings and tail out spread, and then gliding back to the perch to meet the 
female (Clout, 1990; Clout et al., 1995). This display can happen anytime throughout the 
breeding season, which is most often between September and February (austral breeding 
season) (Heather & Robertson, 2000). If an increase in male collision rates is seen between 
these months, it may indicate that males are more susceptible to collision as a result of 
display flights.  
 
On the other hand, it can be hypothesised that females might collide more during the 
breeding season, as they are generally out feeding during day while the male incubates the 
egg (Campbell, 2006; Hadden, 1993; Mander et al., 1998; Thorsen et al., 2004). Female 
kererū might collide with windows more often throughout the breeding season (Awasthy, 
2012) as a result of this daytime feeding. Some support for this hypothesis can be found in 
the observation that BWCs occur within periods of high levels of morning activity associated 
with feeding (McNamara et al., 1987).  Furthermore, light exposure throughout the day that 
causes reflections on windows can confuse birds into BWCs, as individuals think they are 
flying through a vegetated corridor (Klem Jr, 1989, 1990; Klem, 2006). Cousins (2010) found 
that most kererū strike windows between the hours of 9:00 am to 11:00 am and 1:00 pm to 
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3:00 pm, which likely coincide with female feeding times during the breeding season. 
Daytime feeding would also put females at higher risk of being struck by vehicles, as it is 
likely that more vehicles are driving during the day than throughout the night. Furthermore, 
kererū are also at risk because they often fly near houses as they are attracted to suburban 
gardens that contain a mix of vegetation (Clout & Hay 1989; Cousins et al., 2012; McEwan, 
1978), which puts them at risk in highly urbanised areas. It is currently unknown if building 
height and proximity of vegetation to collision location affects collision probability in kererū. 
 
There may be several reasons why birds are susceptible to collide with windows, such as, life 
history, size, displays, feeding, and migratory behaviours (Kahle et al., 2016). Currently, 
there is limited knowledge of temporal and species-specific patterns regarding kererū BWCs 
(Hager & Craig, 2014). The topic of bird collisions is complicated, and a straightforward 
relationship between cause and effect of BWCs is not likely. Instead, numerous 
characteristics of urban habitat (Blair, 1996; Fuller et al., 2008; Hager et al., 2013; Hennings 
& Edge, 2003; Klem et al., 2009; Melles et al., 2003) and seasonal and temporal aspects 
appear to affect the rate at which BWCs occur (Hager et al. 2013; Kahle et al., 2016; 
Whittaker & Marzluff, 2012). Therefore, hypotheses that are framed on both small and large 
geographical scales for explaining BWCs should be taken into account for individual 
species.  
 
Study aims  
Historically, kererū used to flock in the thousands (Lyver et al., 2008), but as a result of 
human introduction, habitat destruction, and predators, their population has dwindled over 
time (Clout et al., 1995; Hill, 2003; James & Clout 1996). Here I will evaluate trends in 
kererū deaths and injuries in Dunedin with regard to age and sex, season, decade, month, 
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height of buildings, and proximity to vegetation, residential areas, commercial areas, and type 
of collision (i.e. BWC, vehicle collision, NA (missing data) and other). Based on previous 
research (e.g., Hager et al, 2013; Kahle et al, 2016), I hypothesise that juvenile kererū will 
outnumber adult kererū in BWCs throughout Dunedin. Although Kahle et al. (2016) found a 
higher number of male deaths in their study, I hypothesise that there will be an 
overrepresentation of female kererū BWCs within this study, particularly throughout the 
breeding season as a result of breeding behaviour (e.g. Whittaker & Marzluff 2012). Female 
kererū are active during the day throughout the breeding season (Campbell, 2006; Hadden, 
1993; Mander et al., 1998; Thorsen et al., 2004), making them more potentially susceptible to 
window collisions. As building height affects BWCs variably (e.g. Borden et al., 2010; Gelb 
and Delacretaz, 2009), I do not expect there to be a significant difference between the number 
of kererū collisions at tall buildings versus low rise buildings. Additionally, I do not expect 
there to be a correlation between closeness of vegetation to strike location, as neither Hager 
et al. (2013) nor Borden et al. (2010) found a significant relationship in their studies. 
Furthermore, I will not be going into as much detail as Klem et al, (2009) to determine how 
much reflection of vegetation is found at each building, because my data does not contain 
sufficient detail. Also my data set spans a large time period (1968 to present), hence I am 
unable to assume that vegetation at collision points is the same as the time of the original 
collision. Consequently, my study will only assess broad scale patterns in kererū collisions. 
Although no literature was found investigating kererū BWCs and comparing collision rate at 
residential versus commercial buildings, I will evaluate these factors and discuss how they 
relate to kererū BWCs and other collision types (i.e. vehicle collisions, NA = missing data, 
and other) in order to add to the literature and discuss how to better manage kererū collisions 
in Dunedin. I will also determine past, current, and future hotspots for kererū collisions in 
Dunedin and discuss how to manage this preventable cause of mortality.  
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3.2  Methods 
3.2.1 Data collection 
Collection of kererū collision data began in 1968 in the form of record-keeping when 
Dunedin citizens found and reported injured or deceased kererū on public or private land. 
From 1968 to 1997, these data were predominantly records of deceased kererū, including 
some post-mortem information. From 1997 to the present time, the data collated include 
injured and treated kererū, as well as deceased kererū. Locations of kererū impact events and 
injuries were collected by the Otago Museum (data encompasses deaths and post-mortems, 
1968 - 1998), Project Kererū (data contains the treatment of injured kererū, 1997 – present), 
the Wildlife Hospital, Dunedin (data includes treatment of injured kererū, 2017 – present), 
the Royal New Zealand Society for the Prevention of Cruelty to Animals Incorporated 
(SPCA, data describes deaths and transportation of injured kererū to rehabilitation centres 
2010 -  present), and the Department of Conservation (DOC, data encompasses deaths and 
transport of wounded kererū to rehabilitation centres, 2011 - present). All known kererū 
collision events and locations within the Dunedin environs have been collated for analysis in 
the present study. 
 
3.2.2 Statistical Analysis 
3.2.3 The influence of a priori predictors on kererū collisions 
Analyses of sex, age, and seasonal biases across impact types including BWCs, vehicle 
collisions, NA (missing data), and other were carried out by creating 2x2 contingency tables. 
Trends amongst these factors were then evaluated by performing a Pearson's Chi-squared test 
and determining ratios for sex, age, and seasonal biases relative to each type of impact (i.e. 
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BWCs, vehicle collisions, NA (missing data), and other)  (Margalida et al., 2008; Nevins & 
Carter, 2003; Steinen et al., 2008). The same method was used for determining significant 
differences between window, vehicle, and unknown collisions. All statistical analyses and 
graphs were created in R Studio version 1.3.959.  
 
3.2.4 Geospatial analysis 
Within ArcGISPro version 2.7, I created a map of Dunedin using the World Topographic 
Map option and selected World Hillside Shade to add detail to the map. Dunedin suburbs 
were identified using the layer 'lds-fire-and-emergency-nz-localities' downloaded and 
outlined to visualise the study area. Layers containing areas of interest then were added to the 
map. These include: 'nz-tree-points-topo-150', showing trees in New Zealand, 'nz-scrub-
polygons-topo-150', representing land covered by vegetation that is less than 3m tall, 'nz-
exotic-polygons-topo-150', depicting land covered by non native trees 'nz-native-polygons-
topo-150', showing land covered by native trees 'nz-residential-area-polygons-topo-150', 
which groups houses and their sections together to make up residential areas,  'nz-building-
polygons-topo-150', showing permanent walled and roofed construction, 
'nzbuildlingoutlines', a data set from the latest aerial imagery which provides building 
outlines in New Zealand, and 'height of buildings.' All layers were downloaded from the 
Land Information New Zealand (LINZ) Data Service. Building height data were obtained 
from the Dunedin City Council, who used LIDAR (Light Detection and Ranging) to calculate 
Dunedin's buildings' average and maximum heights. Coordinates were assigned to each 
collision with a specific address. Those kererū collisions that only contained incomplete 
information, such as simply the suburb in which it occurred, were appointed coordinates by 
determining each suburb's midpoint within ArcGISPro and assigning the midpoint's 
coordinates to the necessary collisions data. The coordinate data were uploaded to the map, 
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and the entire map, including coordinates, was projected in the New Zealand Transverse 
Mercator 2000 (NZTM2000) coordinate system.  
 
An overall hotspot analysis, emerging hotspot analysis, and trend analysis (ESRI, 2021) were 
performed on the collision point data within ArcGISPro. The ‘Hot Spot Analysis’ tool works 
by obtaining the Getis-Ord Gi* statistic within the dataset and produces both a z-score and a 
p-score, which indicate clusters of high and low value (ESRI, 2021). It determines 
statistically significant hot spots by identifying areas with high values (i.e. several collision 
points) surrounded by other areas of high values (i.e. several collision points) (ESRI, 2021). 
Therefore, to be considered a hot spot, a location cannot just be of high value alone but must 
be surrounded by areas with similar values (ESRI, 2021). When the sum of the values for an 
area and its surroundings are all of high value, the sites are compared to the proportional sum 
of all areas within the study (ESRI, 2021). If the sum is considered too large to be random, it 
is deemed significant and assigned a z-score (ESRI, 2021). A higher z-score indicates high 
clustering levels within the specified area, indicating a hot spot (ESRI, 2021). The emerging 
hot spot analysis locates and identifies new, strengthening, decreasing, and intermittent hot 
spots and cold spots using the ‘Create Space Time Cube By Aggregating Points’ tool (ESRI, 
2021). It uses the values provided to calculate the Getis-Ord Gi* statistic and then evaluates 
them using the Mann-Kendall trend test (ESRI, 2021). These test results give a z-score and a 
p-value for each point and categorise each one as seen in (ESRI, 2021). The purpose of 
investigating hot spot trends is to understand areas where collisions have been most common 
over time and where they are either increasing or decreasing with time. Several maps 
displaying relevant data were created in ArcGISPro.  
Pseudo-absence points were randomly generated within the study area and added to the data 
set, because presence-absence models tend to yield more accurate results than presence-only 
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models (Elith et al., 2006). The analyses above were calculated for both pseudo-absence 
points and collision points and distances from each BWC and pseudo-absence point to the 
nearest area of interest were calculated in metres within GIS. The data were tidied and then 
imported into R, where a binomial GLM and an ANOVA were performed to understand 
relationships between kererū collisions and interest areas. For this analysis, I chose to use an 
equal number of pseudo-absence points to the number of presence points (Hengl et al., 2009; 
Iturbide et al., 2015), as a larger amount of pseudo-absence points can cause the model to 
vary in performance (Liu et al., 2005; McPherson et al., 2004). The GLM and figures were 
created in R Studio version 1.3.959. 
 
3.3 Results 
3.3.1 a priori predictors influence on kererū collisions  
The Pearson Chi-squared tests comparing the type of collision across age class, sex, and 
seasonality were run twice, once with missing data (e.g., NA) included within the sex and age 
categories and once without missing data in each category to see if any differences occurred 
when missing data were present. When missing data were included in the analysis, age 
produced a significant result (p = 0.005) (Figure 6 A & B). However, sex yielded a non-
significant result for Pearson's Chi-squared test (p = 0.053) (Figure 6 A & B). When these 
same tests were conducted without missing data (no NAs), both classes were non-significant 
(age class, p = 0.72, Figure 7A; sex class, p = 0.62; Figure 7B). There was no difference 
between type of collision across seasons (p = 0.56; Figure 8) nor was there a difference 
between the number of age class collisions (p = 0.52; Figure 9A) or sex class collisions (p = 
0.65; Figure 9B) between seasons. These results suggest that kererū of all sex and age classes 
are likely to be involved in one of the collision types evaluated at any time in the year. 
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(Appendix Table 1 & Appendix Table 2). There were also no significant differences between 








































Decade Number of Strikes 
1968-1979 (1) 59 
1980-1989 (2) 23 
1990-1999 (3) 48 
2000-2009 (4) 10 
2010-2020 (5) 228 
 
3.3.2 Geospatial trends and common hot spots that affect kererū 
collisions  
The number of collisions per suburb has been categorised into four categories (level of 
concern) including very high (31-48), high (11-18), medium (5-9), and low (1-4) (Table 6), 
and mapped according to level of concern (Figure 10). An ANOVA indicated the number of 
collisions was most significantly affected by residential areas (df = 1, p = 4.13-05), and 
commercial areas (df = 1, p = 0.023). On average, collisions happened within 10 metres of 
Table 4  Number of kererū Bird 
Window Collisions per month 
from 1968-2020. 
 
Table 5  Number of kererū Bird 
Window Collisions per decade 
with decades assigned a number 
1-5 with 1 being the oldest 




residential areas (N = 172 observations; range: 0-90m), within one metre of commercial areas 
(N = 45 observations; range 1-17m), within 191 metres of areas of exotic bush (N = 22 
observations; range: 81-395m), and within 111 meters of native bush (N = 74 observations; 
range: 6-1168m).  
 
The majority of collisions occur in Dunedin's central areas, specifically in and around North 
Dunedin, Maori Hill, and Dunedin Central (Figure 10; Table 6). The hot spot map reveals 
many areas with hot spots that lie within the 99%, 95%, and 90% confidence intervals, many 
areas of no significance, but no areas of cold spots (Figure 11). The areas with 99% 
confidence levels of hotspots fall within the very high and high collision number categories; 
these suburbs are also high in residential and commercial percent coverage (Table 6). 
Suburbs within these categories are Dunedin Central, North Dunedin, Maori Hill, Pine Hill, 
Fairfield, Roslyn, North East Valley, and Ōpoho (Table 6). 
 
Emerging hot spot analysis detected sporadic hot spots in Blueskin Bay, consecutive hot 
spots in Harington Point and Ōtākou, and new hot spots in Mihiwaka, Outram, North Taieri, 
and Allanton (Appendix Figure 1). Sporadic hot spots, consecutive hot spots, and new hot 
spots should be considered major areas of concern, as should Mihiwaka, Outram, North 
Taieri, and Allanton as these areas have been identified as emerging hot spots (Appendix 
Figure 1). Other suburbs that are not yet considered to be an emerging hot spot but are 
concerning as they have been identified as having an upward trend with 90% confidence are 
Blueskin Bay, Purakaunui, Ōtākou, and Helensburgh (Appendix Figure 2). Suburbs of least 
concern are Belleknowes and Saddle Hill, as collisions tend to be showing a decreasing trend 




Table 6 Data from 1968 – 2020 showing how many kererū collisions have occurred in each Dunedin suburb. 
Level of concern and hot spot confidence level are dependent on how many collisions occurred in each 
suburb.  Percent of residential building cover and commercial building cover per suburb have been divided by 
the total area of each suburb to determine percentages in table.   
 

















99% 28% 5% 
Maori Hill 39 Very 
High 





99% 23% 19% 
Ōpoho 18 High 99% 25% Unknown 
North East 
Valley 
16 High 99% 50% 0.1% 
Roslyn 12 High 99% 61% .01% 
Fairfield 12 High 99% 13% .02% 
Pine Hill 11 High 99% 2% Unknown 
Glenleith 9 Medium 95% 18% .01% 
Kaikorai 9 Medium 99% 9% 0.5% 
Waitati 8 Medium - 2% .03% 
Saint 
Leonards 
8 Medium 90% 9% Unknown 
Wakari 7 Medium 99% 76% 0.5% 
Warrington 6 Medium 99% 5% .01% 
Macandrew 
Bay 
6 Medium - 20% .04% 
Andersons 
Bay 
6 Medium 90% 60% .7% 
Mornington 6 Medium 95% 86% .6% 
Halfway Bush 6 Medium - 12% .4% 
East Taieri 5 Medium - 7% .1% 
Belleknowes 5 Medium 99% 56% Unknown 
Saddle Hill 4 Low - Unknown Unknown 
St Clair 4 Low 95% 50% 0.7% 
Leith Valley 4 Low - Unknown Unknown 
Broad Bay 4 Low - 14% .02% 
Ravensbourne 4 Low 95% 18% .8% 
Mosgiel 4 Low - 14% 1% 
Dalmore 4 Low 99% 61% .2% 
Allanton 4 Low - 1% 0% 
Brighton 3 Low - 3% 0% 
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Portobello 3 Low - 5% .04% 
Sawyers Bay 3 Low - 7% .3% 
Abbotsford 3 Low - 8% .1% 
North Taieri 3 Low - Unknown 0% 
South 
Dunedin 
2 Low - 28% 20% 
Deborah Bay 2 Low - 2% .2% 
Aramoana 2 Low - 3% Unknown 
Woodhaugh 2 Low 99% 16% Unknown 
Waverley 2 Low - 80% .2% 
Port Chalmers 2 Low - 30% 4% 
Normanby 2 Low 99% 10% .04% 
Mt Cargill 2 Low - Unknown .02% 
Kew 2 Low - 92% .4% 
Glenross 2 Low - 29% 1% 
Corstorphine 2 Low - 37% .04% 
Brockville 2 Low - 54% .1% 
Maia 1 Low - 52% Unknown 
Ocean View 1 Low - 7% Unknown 
Blueskin Bay 1 Low - Unknown Unknown 
Scroggs Hill 1 Low - Unknown Unknown 
The Cove 1 Low - 11% Unknown 
Company Bay 1 Low - 7% .03% 
Harington 
Point 
1 Low - 2% .03% 
Pūrākaunui 1 Low - 3% .02% 
Roseneath 1 Low - 33% Unknown 
Ōtākou 1 Low - 2% .01% 
Helensburgh 1 Low 90% 15% Unknown 
Upper 
Junction 
1 Low - 0% Unknown 
St Kilda 1 Low - 81% 1% 
Outram 1 Low - 1% 0% 
Maryhill 1 Low - 90% .2% 
Liberton 1 Low 99% 75% .3% 
Kinmont Park 1 Low - 17% Unknown 
Green Island 1 Low - Unknown Unknown 
Chain Hills 1 Low - 0% Unknown 



































Figure 10 Level of concern broken up into Dunedin suburbs regarding the number of kererū collisions 
which occurred between 1968 and 2020. Blue suburbs are of very high concern, orange suburbs are of 
high concern, pink suburbs are of medium concern, and green suburbs are of low concern. Each suburb 
































Figure 11 Kererū collision hot spots throughout Dunedin suburbs with light orange spots representing 
hot spots with 90% confidence levels, orange spots representing 95% confidence levels, and red spots 
representing 99% confidence levels  
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3.3.3 Kererū collision probability within residential and 
commercial areas  
The binomial GLM indicates that there is a strong correlation between collisions and areas 
with a high percentage of residential buildings and commercial buildings (Figure 12 A & B). 
However, there is more variation within the commercial building data than there is in the 





The ability to understand why Bird Window Collisions (BWCs) occur and the cause of 
collisions is important for making management decisions to mitigate BWCs at existing 
buildings and to prevent collisions at newly-designed buildings (Kahle et al., 2016). Many 
factors are involved in BWCs including building size and the amount of window cover on 
buildings (Borden et al., 2016; Gelb and Delaretaz, 2009; Hager et al., 2008; Hager et al., 
2013), closeness of vegetation to buildings at which birds collide (Borden et al., 2010; Hager 
et al., 2013; Klem et al., 2009), seasonality, sex class, and age class (Hager et al., 2013; 
Kahle et al., 2016; Whittaker & Marzluff, 2012). Mitigation can be more effectively targeted 
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if an understanding of how the characteristics mentioned above affect specific species of 
birds (Kahle et al., 2016). Unfortunately, there is a limited number of studies in which a 
single bird species is observed over the span of all four seasons in regards to BWCs, and at a 
geographical scale larger than a handful of buildings within a city. The current study is the 
first to assess BWC trends within sex class, age class, seasons, decades, months, and 
geospatial aspects for kererū in New Zealand. To my knowledge, the results reported here 
provide the most accurate estimate of collision trends amongst kererū in New Zealand and 
specifically, Dunedin. However, potential consequences of assigning a midpoint to data with 
incomplete information could be an obscurity of overall trends due to lack of specific 
coordinate data. The discussion section will speak exclusively of kererū BWCs as this 
collision type was the most common amongst the data set.  
 
3.4.1 Sex class trends detected within kererū collisions  
Unlike other studies (Kahle et al., 2016; Stienen et al., 2008; cf. Klem 1989), a sex bias was 
not detected in the present study. Similar to Klem (1989) there was no significance between 
the sexes and the type of collision or the time of year within the present study (Figure 7B, 
Figure 9B; Table 4).  This finding is not what I hypothesised,  as I thought more female 
kererū would be involved in BWCs as a result of feeding behaviour throughout the breeding 
season, as suggested by Whittaker & Marzluff (2012). The reason why a sex bias was not 
detected here may be due to an overall lack of ability to sex kererū quickly and on the spot 
(as presented in Chapter 2). Difficulties surrounding sexing kererū quickly and accurately 





3.4.2 Age class trends detected within kererū collisions  
Again, the results of my study differ from those studies that previously investigated age in 
regards to bird collisions. Kahle et al. (2016) and Hager et al. (2013) both found that juvenile 
deaths significantly outnumbered adult deaths when investigating age in regards to bird 
collisions. Both studies found that juveniles were involved with BWCs significantly more 
often than adults throughout specific times of the year (Hager et al., 2013; Kahle et al., 2016). 
However, I did not find this to be true for kererū regardless of time of year or type of 
collision (Figure 8, Figure 9A & B). This also differs from my original hypothesis, which 
was based on the available literature (Kahle et al., 2016; Hager et al., 2013).  I hypothesised 
that more juvenile kererū would be involved in BWCs than adult kererū. One possible 
explanation for why I did not detect an age bias within my study is because it is often 
difficult to determine age class in kererū, unless the collector knows how to determine age 
based on specific colour patterns (e.g., Mander et al, 1998). Due to the similarities in adult 
and juvenile colouration, an untrained individual could mislabel a large juvenile as an adult, 
or simply not assign an age class. Similar to the issue of missing sex information in the data 
set, there was also an overall lack of age data.  
 
3.4.3 Temporal trends detected within kererū collisions by month, 
season, and decade  
I did not find any significant differences between months, seasons, or decades for kererū 
BWCs (Tables 4 and 5, Appendix Table 2), which is not what I hypothesised, as I thought 
that female kererū would be involved in BWCs more often throughout the breeding season 
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based on their behaviour during breeding season (Campbell, 2006; Hadden, 1993; Mander et 
al., 1998; Thorsen et al., 2004). I based my hypothesis on  the many other studies that have 
found significantly different numbers of strikes occur within different periods of the year 
(e.g., while juveniles are fledging or during breeding seasons as a result of behaviour change; 
Hager et al., 2013; Kahle et al., 2016; Whittaker & Marzluff, 2012). There was no 
significance between the number of collisions between months. Although most collisions 
occur in December (Table 2), it is difficult to justify why this is as the increase in collisions 
only occurs over one month rather than a particular season (e.g. breeding season) other 
factors (e.g. length of sunlight throughout the day, increased daytime activity, juveniles 
fledging, etc.). The higher number of collisions in decade 5 is likely due to increased 
urbanisation and an increase in people collecting kererū as resources to rehabilitate kererū 
have become more available (e.g. the Wildlife Hospital - Dunedin, Bird Rescue, Project 
Kererū). However, it is hard to prove this with any certainty, as I could not determine the rate 
of urbanisation per decade in Dunedin. The increase in collisions in decade 5 is more likely 
due to increased rehabilitation resources for kererū in the most recent decade, such as the 
Wildlife Hospital – Dunedin, which has inherently led to increased data on kererū collisions. 
 
None of my findings are in accordance with the hypothesis suggested above in which I 
hypothesised based on papers written about birds other than kererū, that juveniles would be 
involved in more BWCs than adults (Hager et al., 2013; Kahle et al., 2016), and that there 
would be an overrepresentation of females, especially within the breeding season (Whittaker 
& Marzluff, 2012). These results indicate that all kererū, no matter their age class or sex, are 
all equally likely to have an impact categorised as a BWCs, vehicle collision, other, or 
missing data (e.g. NA) throughout any time of the year. I suggest that the data from Chapter 2 
(e.g., sex and age class) continue to be collected for each kererū that enters the Wildlife 
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Hospital, Dunedin, in addition to very specific location data (e.g. residential address) for each 
kererū BWC. This suggestion is being made so that my study can be replicated in the future 
with more reliable and accurate data. I also recommend raising awareness throughout the 
community via social media and science communication through foundations such as Project 
Kererū. DOC could also provide citizens with the proper steps to take if they come across an 
injured or dead kererū, ultimately leading to an increased collection of data.  
 
3.4.4 Geospatial trends detected within kererū collisions  
Similar to previous studies that have also found there to be no significant difference between 
proximity of vegetation to buildings and rate of BWCs (Borden et al., 2010; Hager et al., 
2013), I did not find that patches of exotic bush or patches of native bush had a significant 
effect on the probability of kererū collisions. These findings support my original hypothesis 
that closeness of vegetation will not affect probability of kererū collisions. This could 
indicate that kererū are less likely to spend time in patches of vegetation and are more likely 
to spend time feeding in urban gardens, hence are found to collide in areas that are further 
away from vegetated patches (i.e., Central Dunedin, Maori Hill, and North Dunedin). 
Additionally, my hypothesis that building height is not a significant factor predicting kererū 
collisions probability was proven correct. These results are similar to that of Borden et al., 
(2010) and Gelb and Delacreatz (2009), who also found that height of buildings did not affect 
the rate at which birds collide with windows.  
 
To my knowledge, this is the first study which has investigated percent cover of residential 
buildings and commercial buildings within suburbs in an urban area to determine if quantity 
of each type of building affected bird collisions for a single species. I found that high 
percentages of both types of buildings do have a significant impact on kererū BWCs in 
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Dunedin (Figure 13A & B). Although most collisions occur in suburbs with a high 
percentage of coverage of commercial and residential areas, it may not be possible to solely 
attribute this finding to the high number of buildings within this area alone. There is the 
possibility that it only appears that there are more collisions in areas with high levels of 
urbanisation, because with urbanisation comes human population (Seto et al., 2010), and the 
more people are in an area, the more likely someone is to find a kererū that has a collided 
with a window. The opposite might be true in less populated areas where a kererū that 
collides with a building could go undetected because of less foot traffic in the area. These 
results raise the question as to whether or not it appears that kererū are colliding more in 
residential over commercial areas simply because people are finding them once they have 
struck their house or whether it is because kererū truly are more prone to strike in heavily 
residential areas over commercial areas. Findings from Daglish (2005) would suggest that 
kererū habitat is primarily within residential gardens, as many kererū within the study were 
observed throughout residential areas, whereas no kererū were using commercial habitats. In 
order to better understand habitat use of kererū, an extension of Daglish’s (2005) study could 
be done in which kererū are tracked throughout Dunedin to further analyse habitat use and 
determine whether kererū are still more abundant in residential area 16 years on from Daglish 
(2005). 
 
3.4.5 Hot spots in Dunedin detected within kererū collisions   
As the areas with 99% confidence levels of hot spots also coincide with very high and high 
numbers of collisions and high percentage of residential and commercial building cover 
(Table 3), it is clear that areas containing all of these attributes need to be of major concern to 
wildlife managers. One mitigation measure that can be taken almost immediately is 
advocacy. By educating the public on how they can aid in the prevention of kererū BWCs in 
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Dunedin, it is possible that the collision rate may drop drastically, if the appropriate measures 
are taken (e.g., bird decals on residential buildings; see more details in Chapter 4). 
Additionally, managers should also begin discussing strategic urban planning (see more in 
Chapter 4), with city planners especially, in regard to areas considered to be emerging hot 
spots (Appendix Figure 1) to enable window collision preventative measures in these areas. 
Although it is difficult to discern why the emerging hot spots are arising due to the lack of 
data on those suburbs, it can be hypothesised that the rise in emerging hot spots can be 
related to an increase in building cover in these areas.  If that is the case, then planning 
measures should be taken to prevent kererū BWCs from rising in Dunedin.  
 
Conclusion  
In summary, the present study found that the only significant causes of kererū BWCs are 
areas with both heavy residential and commercial buildings. Although wildlife managers 
cannot manage the density of buildings within Dunedin, they can take similar action to that of 
Ocampo-Peñula et al. (2016) and trial decals on windows. Decals are meant to deter birds 
from colliding with windows as they break up reflection of vegetation on windows, meaning 
the bird is not likely to see the reflection as a vegetated corridor they can fly through (Klem, 
1989; Martin, 2011). Additionally, signage and advocacy should be conveyed in suburbs of 
concern, educating home owners of the risk kererū face within the area and how they can 
help mitigate the issue.  
 
In future, it would be beneficial to conduct a study that follows similar guidelines to that of 
Hager et al. (2013) in which window area for each building involved in a BWC was 
calculated to determine whether or not window area affects the likelihood of a kererū BWCs. 
In order for this study to happen, very detailed information needs to be collected for future 
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kererū collisions. Data entries with vague information, such as only a suburb as a location, 
should not be included in future studies. In order to further investigate causes of kererū 
BWCs, specific addresses of houses and buildings need to be collected from this point 
forward. This information can allow future wildlife managers to determine if window area 
(Hager et al., 2013) and if percent of vegetation reflection in windows (Klem et al., 2009) 
















































My thesis attempted to identify a reliable field-based sexing method for kererū by comparing 
the efficiency and accuracy of field-based methods to DNA sexing. I also examined kererū 
bird window strikes (BWCs) within an urban area and investigated which geospatial 
characteristics are most likely to cause kererū to collide with windows. In this chapter, the 
implications of residential and commercial building density within Dunedin and its effect on 
kererū will be discussed. I will also present recommendations for how to manage kererū 
BWCs based on the geospatial, temporal, sex class, age class, seasonal, monthly, and decade 
trends detected.  
 
4.1 Importance of identifying sex in kererū 
Kererū are a keystone species (Mander et al., 1998; McEwen, 1978) and at present, the kererū 
is the only common species with the ability to disperse New Zealand's largest-seeded native 
plants; tawa (Belischmiedia tawa), pūriri (Vitex lucens), karaka (Corynocapus laevigatus), 
miro (Prumnopitys ferruginea), tawāpou (Planchonella costata), elingamita (Elingamita 
johnsonii) and taraire (B. tarairi) (Carpenter et al., 2017; McEwan, 1978).  This unique 
ability to disperse seeds of all sizes means that an increase in kererū numbers would likely 
play a significant part in the regeneration of native forest, as frugivores alone are responsible 
for dispersal of over 59% of trees and 48% of woody plants across New Zealand (Kelly et al., 
2010).  Large fruited plant species dispersed exclusively by kererū would be decimated if 
kereruū were to become extinct (Clout & Hay, 1989). Therefore, it is crucial to understand 
how to protect the kererū population: one way includes the ability to easily identify kererū 
sex, as it is of paramount importance to understant several aspects of behavioural ecology and 
conservation biology of species (Montalti et al., 2012; Renner et al., 1998). 
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Identification of kererū sex also is important to have a better understanding of collision 
trends, population structure, and other aspects of sex-related life history that can aid in future 
studies (Brady et al., 2009; Letty et al., 2000; Moehrenschlager & Macdonald, 2003). The sex 
class data within the historic data in Chapter 3 of this study was very limited as a result of the 
difficulties that are involved with sexing kererū in the field. The ability to sex a kererū in the 
field after it has struck a window or vehicle would be valuable for future studies to identify 
trends within sex class in relation to kererū BWCs. Sexing kererū on the spot would also 
prevent the need for storing frozen kererū for subsequent DNA sexing. Dead birds could 
therefore be given to iwi for cultural use immediately rather than being frozen for months or 
even years. However, until those sexing in the field are able to do so 100% accurately, it 
would likely be necessary to freeze kererū found in the field to verify any sexes with DNA 
sexing. Or, tissue samples and feathers could be extracted from individuals to prevent the 
need for storage of carcasses. 
 
4.1.2 Field-based methods compared to DNA methods for sexing 
kererū  
In this study, the reliability of field-based sexing methods, including morphometric sexing 
and post-mortem gonadal sexing, were compared with DNA sexing. Field-based sexing 
methods provide an immediate result and are inexpensive (Dechaume-Moncharmont et al., 
2011; O'Dwyer et al., 2006), but they are not always as accurate as DNA sexing (Abdul-
Rahman et al., 2015; Cerit and Avanus, 2007; Hart et al., 2009; Morhina et al., 2012 Prus and 
Schmutz, 1987; Turcu et al., 2020; Quintana et al., 2003). It appears that DNA sexing is the 
most reliable way of sexing kererū, as DNA sexing yielded a result for each individual, 
whereas the field-based methods did not yield results for all individuals.  Furthermore, when 
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compared to the results of DNA sexing, field-based methods resulted in several errors 
(Chapter 2). Assuming that DNA sexing accurately sexed 100% of the individuals, a 
discriminant function used to determine accuracy of morphometric measurements only 
accurately sexed 80% of the kererū, and post-mortem gonadal examination only accurately 
sexed 83% of the individuals. Similarly, Jodice et al. (2000) were only able to accurately 
determine the sex of adult black-legged kittiwakes (Rissa tridactyla) with 88% accuracy, yet 
they were able to DNA sex with 97.2% accuracy. Jodice et al. (2000) were not able to sex 
with 100% accuracy due to PCR artefact; the P2 and P8 primers competed with each other, 
reducing the PCR product of one of their reactions (Jodice et al., 2000). Other limitations that 
may deplete accuracy of measurements are the ability of the measurer to be precise every 
single time and the quality and consistency of the equipment used.  
 
Errors can also occur when sexing by gonad examination. For example, misidentifications 
were made by both Garcelon et al. (1985) and Turcu et al. (2020) who attempted to sex avian 
species by gonad inspection but also cross-referenced their results with DNA analysis (as 
done in the present study; Chapter 2). There are major disadvantages with gonad inspection. 
First, the specimen must be deceased in order to perform this procedure. Second, if the bird is 
obese, diseased, died outside of the breeding season and therefore had reduced sexual organs, 
or its sexual organs are immature due to age, it is likely that these individuals will not be able 
to be sexed via gonad examination (Akins and Burns, 2001; Bercovitz, 1981; March and 
Sadleir, 1970). Although DNA sexing appears to be the most accurate way of sexing kererū, 
molecular methods do not come without their own faults (e.g., Robertson and Gemmell 
2006). There are a number of steps to ensuring the accuracy of DNA sexing. Samples that are 
collected in the field must be labelled correctly in accordance to the ID that is assigned to the 
bird upon collection. Steps need to be taken to ensure human error does not occur in the lab, 
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even then, methodological artefacts can occur leading to incorrect sexes (Robertson and 
Gemmell 2006). And lastly, DNA sexing is the most expensive method of those trialled in 
this study. However, given the key findings derived from this study determined that 
morphometric measurements and post-mortem gonadal examination are not feasible ways of 
sexing kererū in the field, DNA sexing should be used to sex kererū in the future (Chapter 
2).  
 
4.2 Geospatial trends amongst kererū BWCs 
Kererū collisions with buildings account for a significant number of kererū deaths in 
Dunedin. At present, little is known of the causes of this mortality, but from other BWC 
studies a number of factors can be considered drivers of these deaths. For example, sex class 
(Kahle et al., 2016), age class ( Hager et al., 2013; Kahle et al., 2016), time of year (Hager et 
al., 2013; Kahle et al., 2016; Whittaker & Marzluff, 2012) height of building (Borden et al., 
2010; Gelb & Delacretaz, 2009; Hager et al., 2008; Hager et al., 2013; Klem et al., 2009) and 
closeness of vegetation to buildings (Klem et al., 2009) all contribute to collision deaths 
(Chapter 3).  
 
In the present study, I hypothesised that although kererū are attracted to suburban gardens, 
which contain a mix of vegetation (Clout & Hay, 1989; Cousins et al., 2012; McEwan, 1978), 
there would not be a significant link between closeness of vegetation to buildings and kererū 
collisions, because no link between these two factors have been reported (e.g., Borden et al., 
2010; Hager et al., 2013) (Chapter 3). Additionally, I  hypothesised that because female 
kererū are active during the day throughout the breeding season (following the findings of 
Hager et al., 2013; Kahle et al., 2016; Whittaker & Marzluff, 2012), females would be 
overrepresented within the collision data during breeding season months (Campbell, 2006; 
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Hadden, 1993; Mander et al., 1998; Thorsen et al., 2004) (Chapter 3). Lastly, due to the 
varying results on how building height affects BWCs (Borden et al., 2010; Gelb and 
Delacretaz, 2009), the present study did not predict height of building being a significant 
issue for kererū (Chapter 3).  
 
Through the use of GIS mapping and GLMs, it was found that none of the variables above 
were found to have a significant impact on kererū strikes in Dunedin (Chapter 3). These 
results indicate that kererū of all ages and both sexes are equally likely to have a collision at 
any time of year. However, it was found that kererū strikes are significantly more likely to 
happen in areas with a high percentage of residential building cover and a high portion of 
commercial building cover (Chapter 3).  
 
4.2.1 Influence of residential and commercial building density on 
kererū collision  
BWCs cause one billion bird deaths annually in the United States and are globally the second 
most common anthropogenic cause of bird deaths (Klem, 1990; Klem, 2008). Similar to the 
present study, where 47% of all kererū collisions were within residential areas, research has 
shown that residential areas are responsible for 44% of BWCs in the United States (Loss et 
al., 2014) and 90% of BWCs in Canada (Machtans et al., 2013). Birds are often attracted to 
residential areas because of bird feeders in backyards (Dunn, 1993). In the case of the kererū, 
they are attracted to the exotic species that can be found in suburban gardens (McEwan, 
1978). As a result of being attracted to suburban gardens, kererū are significantly more likely 




4.3 Other variables that may explain kererū collisions in 
Dunedin 
Cities contain complicated socio-ecological systems and are comprised of multi-stakeholder 
and multi-land use environments that require multiple approaches to conservation in such 
complex environments (Snep et al., 2016). The majority of bird conservation strategies are 
focused on managing the birds’ needs rather than identifying the underlying socio-economic 
drivers that must be addressed to begin to move cities towards being bird-friendly (Snep et 
al., 2016).  
 
In Dunedin, there is a large focus for the continuation of residential building growth. In fact, 
the Dunedin City Council (DCC) recently passed a law that now allows subdivision of land 
that was previously not allowed to be expanded and built upon (DCC, 2021). Subdividing 
land is not a new phenomenon in New Zealand, as land has been traded since colonial 
settlement (MacLachlan, 1966). A recent example of land subdivision is the development of 
the Queenstown Lakes District, where the rapid expansion of the Queenstown Lakes 
population and economy called for the reconstitution of Queenstown (Woods, 2011). The 
reconstitution to subdivide local Queenstown land for economic reasons was met with 
resistance from environmentalists who felt that the environment would experience 
degradation as a result of subdivision of land and development (Woods, 2011). However, the 
movement pressed forward, regardless of the effects that it may have had on the environment 
(Woods, 2011). The development of more residential buildings in Dunedin will likely have 
similar environmental implications as it will aggravate several issues for kererū that could 
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lead to a further decline of the species in Dunedin.  For example, it will introduce more 
buildings with which they can collide; the vegetation they feed on will be destroyed to make 
room for new developments; and houses are likely to begin having larger windows, as 
windows may become increasingly more easy to insulate as glazing properties advance and 
become more efficient (Cesari et al., 2018), thereby providing a larger hazard for kererū to 
collide with.  
 
4.3.1 Socio-economic factors associated with bird collisions  
The surge of residential development around the world has the potential to negatively impact 
bird life as a result of larger houses being built on smaller pieces of land and the subdivision 
of current plots will ultimately result in smaller gardens (Hall, 2008; 2010; Loram et al., 
2007; Mason, 2006). Smaller gardens within an urban area cause problems for birds, because 
garden size is often a predictor of biodiversity and abundance of birds (Daniels and 
Kirkpatrick, 2006; Smith et al., 2005; van Heezik et al., 2013).  Furthermore, with less shelter 
and food, it may be more difficult for many species to adapt to urban living (Daniels and 
Kirkpatrick, 2006; McKinney 2002, 2006; Smith et al., 2005; van Heezik et al., 2013). 
However, it is possible that kererū could still survive in urban areas with less vegetation as 
they consume a wide variety of plant species (Campbell et al., 2008; McEwen, 1978).  
 
Larger houses are likely to be found in areas of higher socio-economic status, while smaller 
houses typically are found in areas of lower economic status. Larger houses are also likely to 
have more and larger windows. Because window area has a significant impact on the 
likelihood of bird collisions (Borden et al., 2010), in the future, kererū might be more at risk 
in higher socio-economic areas. Another reason kererū may be at risk higher socio-economic 
areas is because native birds are generally found in higher socio-economic areas as a result of 
 74 
larger gardens and the artificial provisioning of appropriate food sources such as bird feeders 
or sugar water than those of low socio-economic areas (van Heezik & Hight, 2017). Overall, 
higher socio-economic areas in Dunedin may pose a greater threat to kererū due to increased 
size of houses and windows, and the attraction of more and better food sources found within 
these areas.  
 
4.4 Management Strategies 
From the information presented in my study, it is clearer which areas are of major concern for 
kererū within an urban environment, particularly in Dunedin, New Zealand. We can use this 
information to improve urban planning to facilitate the survival of urban species like kererū, 
encourage homeowners to take steps in preventing kererū collisions, and to better understand 
trends within kererū BWCs, and how to mitigate these collisions.   
 
4.4.1 Vegetation management  
Many cities contain urban green spaces that can be defined as an outdoor place with 
significant amounts of vegetation, and exist as semi-natural areas (Jim & Chen, 2003). Urban 
greenspace accounts for 36% of gardens in Dunedin (Mathieu et al., 2007). Despite a third of 
Dunedin being green space, the city is considered to be a fragmented urban environment, 
consisting of a wide variety of habitat types (Daglish, 2005). It is essential to consider urban 
green spaces when managing urban biodiversity, as these areas can significantly impact both 
plant and animal species within the region (Savard et al., 2000). 
  
As Dunedin continues to expand (Statistics New Zealand, 2018), urban woodlands should 
either remain intact or an effort should be made to put urban woodlands within the city limits 
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to provide a place for avian species and other wildlife. These areas should be kept far enough 
away from large commercial sites to protect species and allow them a safe space to feed and 
fly freely. Urban woodlands should include native plant species that kererū feed on to 
encourage the spread of these plants throughout the city’s green spaces, thereby keeping 
forests within the city healthy. The addition of native woodlands may also help reduce the 
spread of exotic plant species in and around the city, as kererū may be more attracted to 
native species in urban woodlands than exotic species often found in urban gardens. 
However, this idea does not come without its caveats as kererū are a significant disperser of 
weed species (Wootton & McAlpine, 2015) and may potentially introduce unwanted species 
into woodland areas.  
 
Overall, urban woodlands could provide a safe place for kererū to live and feed if vegetation 
in Dunedin is significantly diminished due to an increase in building density as a result of the 
new subdivision laws. However, the loss of kererū in residential areas could lead to what is 
known as the ‘extinction of experience’, which is when residents of urban areas become less 
in touch with nature (Miller, 2005).  Importantly, as van Heezik & Hight (2017) ask: “if 
residents do not encounter native species, how can they be expected to see the value in these 
species and want to protect them?”. One way this can be accomplished for kererū is by 
encouraging home owners to plant kererū friendly species (see Chapter 1) in their gardens to 
promote the presence of kererū in their space. Although promoting kererū being near homes 
may increase kererū collisions, the present study found that for kererū there was no 
correlation between vegetation closeness to building and collision probability (Chapter 
3).  Consequently, there appears to be minimal risk associated with planting kererū friendly 
plants in residential areas. However, a larger study in which these details are specifically 
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investigated should be completed to further understand the implications of planting kererū 
friendly vegetation in residential areas.   
 
4.4.2 Strategic urban planning 
Making commercial buildings bird-friendly may be more challenging than doing this for 
residential dwellings, as the former are larger and generally have more window coverage. 
However, solutions for preventing bird strike at large buildings do exist and should be trialled 
within Dunedin. Methods to reduce BWCs in commercial areas include window etching or 
sandblasting, which dulls vegetation reflections off windows (see Klem 1990). Also, placing 
tightly stretched nets over windows prevents bird deaths, as individuals bounce off the net 
and recover (Gelb and Delacretaz, 2006) rather than hit the glass and die or become too 
injured to survive. Other options include using non-reflective film over windows, sunshades 
and blinds to prevent reflections (Gelb and Delacretaz, 2006), fritted glass in which birds see 
blurred patterns on the window, and UV-reflected films (Ocampo-Peñuela et al., 2016).  It is 
recommended that buildings in Dunedin Central and North Dunedin should focus on these 
implementations, as these locations contain a significant coverage of commercial buildings 
compared to other suburbs. The combination of putting some form of bird deterrent on 
current and future commercial buildings and households, as well as creating space for large 
woodland areas within Dunedin and the surrounding areas should significantly reduce the 
number of kererū collisions within the Dunedin environs.  
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4.2.1 Advocacy for mitigating kererū collisions at a residential 
level  
Methods for mitigating BWCs that have been trialled and proven to be effective include 
reducing the amount of vegetation near windows, netting around windows, angling windows 
in a downwards position, glass that reflects UV light, decals, and other bird deterrent patterns 
(Brown et al., 2019; Klem et al., 2004; Klem, 2006; Klem, 2008; Ocampo-Peñuela et al., 
2016; Winton et al., 2018). 
 
In many cases, studies testing the performance of bird deterrents involve citizen science 
(Brown et al., 2019; Dunn., 1993; Winton et al., 2018), which shows that people are often 
enthusiastic and willing to help prevent BWCs in their area. Kererū are a taonga species 
(Ngai Tahu Claims Settlement Act 1998) and treasured by many. Therefore, if appropriately 
educated, it is likely a large portion of Dunedin’s citizens might adjust their homes to protect 
such a beloved species. As cities become more wildlife-friendly by increasing biodiversity 
and making adjustments to accommodate urban species, more citizens will be exposed to 
wildlife and, in turn, will likely pique their interest and cause more people to want to help 
native species (Savard et al., 2000).   
 
I propose that the Department of Conservation, Forest and Bird, Bird Rescue, Project Kererū, 
and the Otago Museum use the information generated in the present study to inform the 
public on ways to prevent BWCs in their own homes. Currently, the Otago Museum has a 
dust print of a kererū on a window for their urban Dunedin display. Additional advocacy 
could be done via social media platforms, interviews with local journalists and radio stations, 
providing information on websites, educating school groups, and putting signage in areas that 
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are particularly prone to kererū collisions. To get commercial buildings covered with bird 
deterrents (Klem et al., 2004; Klem, 2006; Klem, 2008; Ocampo-Peñuela et al., 2016; Brown 
et al., 2019; Winton et al., 2018), it is likely that city councils or government would need to 
be involved in making such decisions. A public meeting could be held to explain how BWC 
mitigation efforts could help reduce not only kererū collisions, but all bird collisions within 
the city. 
Information provided for homeowners should include where they can purchase bird deterrent 
decals at a reasonable price, such as the 'Four Window-Alert' decals used throughout the 
Ocampo-Peñuela et al., (2016) study, which cost $26 USD to cover one residential house and 
reduced strikes by 84% (Ocampo-Peñuela et al., 2016). The same Window Alert decals can 
be purchased in New Zealand via the Bird Rescue website for $15 per four-pack. Therefore, 
it is relatively cost-effective to make NZ houses safer for birds and allow for homeowners to 
continue to enjoy the presence of kererū in their backyards with a much lower risk of BWCs.  
 
Each suburb could have signage in public places outlining how kererū are being affected in 
their area and educating people on what they can do to help. Suburbs that could be focused 
on the most are Dunedin Central, North Dunedin, Maori Hill, Pine Hill, Fairfield, Roslyn, 
North East Valley, and Ōpoho, because most strikes happen in these locations. They fall 
within the category of 99% confidence level of hot spots in Dunedin and generally have a 
high percentage of residential coverage. Next, Mihiwaka, Outram, North Taieri, and Allanton 
could be educated on kererū strikes as these suburbs are considered to be emerging hotspots. 
After that, Blueskin Bay, Pūrākaunui, Ōtākou, and Helensburgh have been identified as areas 
with upward trends, not as urgent as those mentioned above as emerging hotspots, but still 
necessary. Lastly, the rest of Dunedin's suburbs, whether they have kererū collisions or not, 
should know how they can help their local wildlife and prevent BWCs.  
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4.5 Recommendations and future research  
As the data used within this study is about rare events, it needed to be collected over several 
years. One year’s worth of kererū BWCs would not provide adequate information, as there 
would simply not be enough data for useful findings. Although the data used in the 
present  study contained a large amount of ‘missing data’ (e.g. NAs), it was still useful as it 
covered such a long time period and even though there were missing data, trends within the 
data would be expected to have been detected. However, moving forward, it is crucial to 
continue to collect DNA sex, age class, and detailed location data from kererū that are 
brought into the Wildlife Hospital, Dunedin, so that a comparative analysis can be done in the 
future with a much larger and more accurate data set. Staff at the Wildlife Hospital, Dunedin 
should take blood samples from every kererū that is admitted for sexing. It is possible that 
blood samples could be taken shortly after death in the field or if the individual is brought 
into the wildlife hospital quickly. Blood samples are more reliable for DNA sexing purposes 
than feather samples (Bruce Robertson, pers. comm.). Extracting blood causes no stress to the 
individual, as samples can be extracted while under aesthetic. Each individual is put under 
aesthetic for radiographs upon arrival (Elizabeth Thomas, pers. comm.). Blood samples 
should be sent to the university regularly for DNA sexing. In addition to sex, the hospital 
should also continue to age each kererū that enters the hospital. They should also continue to 
keep track of where each kererū was found, with as much detail as possible. Upon receiving a 
kererū, regardless of whether it is alive or deceased, organisations such as DOC, Project 
Kererū, the Otago Museum, and the Wildlife Hospital, Dunedin should ask citizens who find 
kererū to provide as much detail as possible. Details should include the address at which they 
found the individual, or, if possible, coordinates of the location in which they found the bird. 
This could be accomplished by simply using Google Maps to ‘drop a pin’ at the location 
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where the bird was found. Citizens should also be asked if they know what caused the 
kererū’s injuries or death.  
 
To take things one step further, a citizen science project similar to that of Winton et al. 
(2018), who used INaturalist to collect data on BWCs in several areas throughout North 
America, could be of great use to collect location data for kererū BWCs. Data inserted into 
INaturalist via a smartphone is automatically georeferenced with the phone’s GPS to make 
mapping easy (Winton et al., 2018). Individuals who are bringing in injured kererū should be 
asked if they have entered their data into INaturalist. If they have, a note of this should be 
made, so as not to have two data entries for one kererū. If the person does not know about 
INaturalist, this would be a great opportunity to introduce the app to them.  At the same time, 
they could be encouraged to continue to bring in injured birds and log them within 
INaturalist.  
 
Receiving this type of accurate data can help build a large database for bird strikes in 
Dunedin and help researchers see if there is a difference before educating locals on the use 
of  bird decals on houses and after educating locals on the use of decals. Information 
provided by citizens should also include whether or not their home has decals to prevent 
BWCs. If they do not have decals, they could be provided information on where to get decals 
and how they can prevent future strikes. If an individual calls DOC to report a dead kererū 
which has collided with their window, the same details should be taken and DOC should 




Although methods of adding bird deterrents to homes and commercial buildings have proven 
to be effective (Brown et al., 2019; Klem, 1990; Klem., 2006; Klem., 2009; Ocampo-Peñuela 
et al., 2016; Winton et al., 2018), I suggest my study be replicated once advocacy for decals 
has been implemented across Dunedin, and several more years of data collection have been 
acquired. If we find that there are patterns within sex and age class, or if the frequency of 
collisions begins to change across suburbs (e.g., BWCs increase in suburbs that were not 
expected even after decal use), then a management plan for kererū should be created. 
Included within the plan should be creating more and larger urban woodland areas consisting 
of native plants that kererū feed on and are safe distances away from residential areas.  
Because this is the first study investigating kererū collisions in New Zealand, regardless of 
whether or not the species does begin to decline or specific trends are exposed, data 
collection in this manner and this study should be replicated in cities throughout New 
Zealand. Kererū threats need to be understood in all cities across New Zealand, not just 
Dunedin. Understanding the impact and injury trends of kererū and how to manage the 
species in the urban environment could halt the decline of the species well before the species 
becomes endangered.  
 
The methods discussed in the present study also could be used to investigate patterns within 
other species worldwide and could help prevent loss of avian species as a result of poorly 
planned urban planning. However, as not all species will have the same habits as kererū, and 
will therefore not be equally susceptible to the same collision threats (Evans-Ogden, 1996; 
Hager et al., 2008). Research regarding BWCs should be conducted on a species by species 
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Female 19 (35) 1 (2) 23 (43) 11 (20) 54 
Male 12 (27) 3 (7) 20 (44) 10 (22) 45 
Age 
Juvenile 6 (24) 1 (4) 10 (40) 8 (32) 25 












Female 7 (13) 19 (35) 14 (26) 14 (26) 54 
Male 5 (11) 18 (38) 8 (17) 16 (34) 47 
Age 
Juvenile 6 (24) 9 (36) 6 (24) 4 (16) 25 
Adult 11 (12) 32 (36) 25 (28) 20 (23) 88 
 
 
Table 1 Causes of kererū collisions relative to age and sex (percentages in 
parentheses).  NA refers to missing data and other refers to collisions other than Bird 
Window Collisions and Vehicle Collisions (e.g. power lines). 
 
Table 2 The number of kererū bird window collisions across seasons for age and sex class 


































Figure 1 Kererū collision emerging hot spots throughout Dunedin Suburbs with the pattern 


































Figure 2 Kererū collision upwards and downwards trends throughout Dunedin Suburbs with the 
pattern described within the key 
